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WILLIAM ROBIN THOMPSON 


Canadian entomologists owe a great debt of gratitude to our retiring editor, 
Dr. W. R. Thompson, for the effort, patience and ability he gave w ithout stint 
to editing The Canadian Entomologist from 1947 to 1958. When he assumed 
the editorship, the journal was in a sadly debilitated condition, but, to a large 
extent singlehandedly, he revived and re-invigorated it and it went on from 
strength to strength, gaining in size, and still much more important, in quality, 
owing to his insistence on a high standard. Dr. Thompson’s initiative and his 
ambition to enhance the value of the journal as an outlet for scientific papers led 
to a very important new departure: a cooperative arrangement with government 
services whereby certain monographic works by government scientists are 
published as supplements to The Canadian Entomologist. 

William Robin Thompson was born in London, Ontario, in 1887. He was 
fortunate in his birth place as in his youth the E ntomological Society of Ontario 
maintained its headquarters in London: a pleasant meeting room housing the 
library and the collection of the Society. Among the local naturalists who 
foregathered in the room and took part in the activities of the Society were 
distinguished personalities such as Drs. Wm. Saunders, John Deerness, ‘and C. 
Ls. Bethune; and neophytes such as W. R. Thompson and his two friends A. 
C. and A. W. Baker who later became well-known entomologists. Those three 
young Londoners had the priceless privileges and experience of being closely as- 
sociated with ard of being introduced to entomology by some of our most 
outstanding amateur and pioneering entomologists. ~ 

Dr. Thompson g graduated from the Ontario Agricultural College in 1909 with 

1 B.S.A. degree in biology. He obtained an M.Sc. in entomology at Cornell 
Univ ersity in 1912, a D. Se. in zoology and general embryology at the University 
of Paris in 1921, and a Ph.D. in philosophy at St. Maximin. College, France, in 
1924. He joined the U.S. Bureau of Entomology in 1909, and was posted to 
the historic Gypsy Moth Parasite Laboratory at Melrose Highlands, Mass., one 
of the earliest centres for parasite introduction in North America and the train- 
ing ground of most of the early rv American workers in biological control 
of insects. Later he was sent to Europe to study the natural enemies of the 
gypsy and brown-tail moths and in due course became director of the U.S. 
parasite laboratories at Auch and Hyéres in the south of France from 1919 to 
1928. During World War I he was a demonstrator in the Department of 
Zoology at Cambridge University and later on a bacteriologist with the Royal 
Navy. In 1928 he was appointed Superintendent of the Farnham House Labora- 
tory of the Imperial Institute of Entomology, and he remained at the head of 
this organization while it underwent its transformations from Imperial Parasite 
Service to Imperial Bureau of Biological Control and finally, when the word 
Imperial was no longer respectable, to the Commonwealth Institute of Biological 
Control. In 1940 the headquarters of the Institute was transferred to Belleville, 
Ontario, and in 1948 to Ottawa. 

Dr. Thompson, a very prolific writer, published some 150 scientific papers and 
also many contributions to popular magazines. He is recognized internationally 
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as an authority on biological control and population dynamics and has made no 
mean contribution to the systematics of the Tachinidae. 

His scientific achievements have been recognized by many honours, in- 
cluding election to the Royal Society, 1933, and the Royal Society of Canada, 
1949; Honorary Fellowships in the Royal Entomological Society of London, 
1954, and in the Royal Irish Academy, 1958, and Honorary Membership in the 
Entomological Society of Canada, 1958. 

He had, and indeed still has, a remarkable capacity for work of a high order. 
When I was closely associated with him in the earlier and more difficult days of 
his editorship, I used to marvel at his gift of being able to do so many different 
things effectively and at the same time with dispatch. 

W. A. Ross 


Book Review 


A REVISIONAL STUDY OF THE BEES OF THE GENUS PERDITA 
F. SMITH, WITH SPECIAL REFERENCE TO THE FAUNA OF THE 
PACIFIC COAST (HYMENOPTERA, APOIDEA). Part Ill, by P. H. 
Timberlake. 118 pp. 13 plates. Univ. Calif. Pubs. Ent. 14, 1958. : 

The two earlier parts of this revision appeared in volumes 7 and 9 of the 
above journal. The phrase ‘Pacific’ in the title is misleading unless one is 
aware that the genus is restricted to North and Central America. While most 
numerous in the Far West, the genus extends to the Atlantic coast, and from 
Canada to at least Guatemala. In Parts I and II a key to the subgenera is 
followed by discussions, keys and descriptions, exclusive of the typical subgenus. 

In part III the remaining species are placed en bloc in this subgenus, which 
consists of numerous groups. Of these only zonalis and halictoides, apparently 
new, are defined or discussed. Keys are, given for the two groups, which 
together consist of forty-seven species and sixteen subspecies, thirty-five species 
and ten subspecies being described as new. The descriptions are enhanced by 
numerous line drawings. No new synonym was noted on the specific or 
subspecific level. Zaperdita Ckll., Geoperdita Ckll. and Porter, and Tetra- 
perdita Ckll. and Porter are sunk as synonyms of Perdita (Perdita); unfortunately, 
this is concealed in the text rather than displayed in the bibliography under the 
subgeneric name. In a supplement to parts I and II fifteen new species and two 
new subspecies are recognised on other subgenera, together with notes on other 
species and on previous keys. The concluding part or parts of this compre- 
hensive revision of Perdite will complete a very welcome addition to the 


nearctic literature in the Apoidea. 
O. Peck 
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The Bionomics of the Pine Bud Moth, Exoteleia dodecella L. 
(Lepidoptera: Gelechiidae) , in Ontario’ 


By J. Lynton Martin 


Forest Insect Laboratory, Sault Ste. Marie, Ontario 


The pine bud moth, Exoteleia dodecella L., is a serious pest of pine through- 
out much of Europe. In North America, its presence was first reported in 1928 
in nurseries at Fonthill and Ridgeville in the Niagara Peninsula (Annual Report, 
Minister of Agriculture, Ottawa, Canada, 1929). The occurrence and spread 
of this species was followed closely until 1933 (Sheppard, 1930; Ross and Caesar, 
1931; Caesar and Ross, 1932, and Twinn, 1933), in connection with the European 
pine shoot moth eradication program which was then in progress. 

During that period it was reported to occur commonly on Scots pine, 
Pinus sylvestris L., and on Mugho pine, Pinus mugho Turra, and rarely on 
Austrian pine, Pinus nigra Arnold, and white pine, Pinus strobus L., (Sheppard, 
1930). It was often associated with heavy infestations of the European pine 
shoot moth, Rhyaci ionia buoliana Schiff., and in some cases at least 50 per cent 
of the total bud injury to Scots pine was caused by E. dodecella (Twinn, 1933). 

The Forest Insect Survey collected specimens of this insect in Welland and 
Lincoln counties of the Niagara Peninsula, and in Carleton County near Ottawa 
during the period 1938 to 1945 (Raizenne, 1952), but no detailed work has been 
done on the species in Canada. Tragirdh (1915) published detailed larval and 
pupal descriptions, and notes on the life history as it occurs in Sw eden, but his 
information, consisting of only scattered field observations, left much of the 
bionomics of the insect unknown or questionable. 

In 1955, a program of study was begun to determine the life history, 
habits, and present status of the species in Ontario, and the results of the study 
are presented here. : 

Methods of Study 


The life history was determined by the examination of periodic collections 
sent to the laboratory, followed by field observations in 1956, 1957, and 1958. 
Laboratory rearing was used only for parasite recovery. Activity during the 
flight period was followed closely on caged trees about 18 inches in height. 
Sixty pupae were added to each cage and observations of adult flight were made 
every half hour from dusk until dawn after adult emergence began. 

Observations on host relationships in young trees were made in many planta- 
tions throughout southern Ontario, but the habits of the insect on large trees and 
in a closed stand were determined in two highway plantings of Scots pine at 
Vernon and Winchester, about 25 miles south of Ottawa. Sampling methods 
used in determining host relationships will be outlined in the appropriate section. 

The present distribution of the insect in Ontario was learned through surveys 
carried out by the forest biology rangers attached to the Forest Insect Labora- 
tory, Sault Ste. Marie, Ontario. 


Hosts 


Tragirdh (1915) stated that E. dodecella attacked pines, but neglected to 
give more specific information. During this study, larvae have been found on 
Scots pine, Mugho pine, Austrian pine, red pine, white pine, and jack pine, Pinus 
banksiana Lamb., but Scots and Mugho pines are unquestionably the preferred 
hosts. With the possible exception of jack pine, it is doubtful whether the 


c 1Contribution No. 504, Forest Biology Division, Science Service, Department of Agriculture, Ottawa, 
anada. 
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insect will feed on any pines other than Scots or viugho except w hen they are 
growing close to heavily infested trees of the preferred species. 


Distribution in Ontario 

The present distribution of E. dodecella in Ontario presents a rather puzzling 
situation. The insect is found in light to medium infestations in many of the 
older highway plantings of Scots pine, 15 to 25 years of age, south of a line 
drawn from the Bruce Peninsula on the west to Ottawa on the east. It is com- 
mon in the older Scots pine serving as windbreaks, etc., at the three major forest 
nurseries in southern Ontario: Midhurst, St. Williams, and Orono. It is also 
found in the young trees which, in some cases, have seeded in naturally below 
the older ones. Much of the Mugho pine in highway plantings throughout the 
area is inbesed as well. 

Under these circumstances, it would be natural to assume that this insect 
would also be common in many of the young Scots pine Christmas tree planta- 
tions found in large numbers throughout this area, but this is not the case. A 
few very heavy infestations and several light infestations have been found, but 
most plantations of young trees are free ‘of the insect. 

Since the grow th form of most of the older infested trees shows that they 
have been under attack for quite a number of years, it would suggest that the 
species attained its present status some time ago and has not increased appreciably 
in numbers since that time, nor has it spread out locally to any appreciable 
extent. The reasons for this apparently static condition of distribution and 
frequency are unknown, and, although some of the ecological factors discussed 
below may have a bearing on it, the : scope of this study is such that no definite 
conclusions can be drawn. 

Life History 

E. dodecella has one generation per year in Ontario. The adults emerge 
during the latter half of June, and the larvae mine in the needles until May of 
the followi ing year, when they leave the needles and enter the buds. There are 
five larval instars, three of which feed in the needles and two in the buds. 
Pupation takes place in the buds in late May or early June. 

Descriptions of the Stages 
Egg 

The egg is about .5 mm. long and .25 mm. in diameter, cylindrical with 

blunt, rounded ends, and bears longitudinal striations (Fig. 1, A). 


Larva 

The mature larva (Fig. 1, B) reaches six mm. in length; the head and dorsal 
prothoracic shield are black oil heavily sclerotized, and the anal plate is dark 
brown. The abdomen is reddish-brown. The thoracic legs are w ell developed, 
black, and heavily sclerotized, and the prolegs are prominent and ringed with 
crochets. For a detailed description of larval and pupal morphology, the reader 
is referred to Tragardh (1915). 
Pupa 

The pupa (Fig. 1, C) is about five mm. long, dark reddish-brown, with a 
dorso-ventrally flattened body. 


Adult 

The adult (Fig. 1, D) has a wing span of about 12 mm.,; the general body 
colour is medium grey. The fore wings have a ground colour of medium grey 
with three dark grey transverse bands, and three pairs of black spots in the 
central field. 








j 


inner 











XCl THE CANADIAN ENTOMOLOGIST 7 








RP LE ERS Mes | 
> 























¥—>5 
ree 
q oka A 94 , He 
Z Ah : 
q y Hf ie 
/ Yi nm 
Y| \ he 
wnt ‘ Yr 
Wh if pit / 





D 


Fig. 1. Stages in the life history of Exoteleia dodecella L. A, Two eggs on base of 
inner side of needle scale; B, Mature larva; C, Pupa; D, Adult. 
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Oviposition 

Tragirdh (1915), in summing up the observations made by himself and other 
European workers, states: “The moths lay their eggs in June, but we have never 
been lucky enough to find out where.” Similar difficulties were experienced 
during the present study despite prolonged observations in the field during the 
1956 flight period. However, the problem was solved in 1957 by following the 
activities of adults on small caged trees as outlined above. 


The adults emerge through the tip of the bud between the middle of June 
and early July. The moths are inactive during the day when they are usually 
found resting on the ground-cover plants. It is possible that copulation takes 
place here, because, although the males and females move up on the trees at 
dusk, the males rest quietly on the foliage all night and no copulating pairs 
were seen. 


After the sun has set, but before full dark, the females become extremely 
active and continue so for about two hours. There is a short active period 
again at dawn, usually lasting one-half hour or less. During these periods the 
female crawls rapidly over the shoots, arches its abdomen, inserts the tip into 
the axil formed where the needle fascicle is attached to the stem, and lays its 
eggs singly or in pairs. When the eggs are laid on very young shoots, some 
eggs are placed on the inner side and at the base of the needle scales (Fig. 1, A). 
The eggs are usually laid on the current year’s growth, but are sometimes placed 
on the one- year-old stems. Approximately 60 seconds are required to lay one egg, 
and adults were observed to lay as many as 12 eggs in a 20-minute period. The 
average length of life of female moths is three days. The eggs hatch in ap- 
proximately three weeks. 


Larva — Needle-mining period 

Tragardh (1915) states: “The larva lives through the summer and fall in 
the pine needles and by then it is thought to attack many needles.” The present 
investigation reveals that the larva spends the first three instars in the needles, 
and during this time three needles are usually attacked, although in some cases 
four and in rare cases five needles may be mined. The insects are very slow 
feeders and the mines are so small that a close examination of the foliage is 
necessary to detect their presence, particularly during the first and second instars. 


The first-instar larva appears about the, middle of July. It enters a current 
year’s needle on the inner side, usually about five mm., but sometimes as much as 
nine mm., from the distal end. It covers the entrance hole with silk and mines 
towards the tip of the needle along one edge. After reaching the tip, it follows 
the opposite edge back again, leaving the central core of the needle untouched 
(Fig. 2). The frass is pushed into the tip of the needle. 


Moulting occurs about mid-August, and the second-instar larva either con- 
tinues mining towards the base of the needle, or leaves the mine and re-enters the 
same needle further down. Mining by this instar is usually restricted to one side 
of the needle (Fig. 2), and after feeding in a basal direction for one-third to 
one-half of the needle’s length, the larva leaves this mine and enters another 
needle at a point about 11 mm. from the tip. The larva again covers the entrance 
hole with silk and moults into the third instar in mid-September. 

The third-instar larva excavates the needle from entrance hole to tip, lines 
the interior with a layer of silk, and remains in this stage until spring ("ig. 2). 
Feeding is resumed in April, when all or most of the remainder of the Si. hy is 
excavated. The larva then enters another needle near the mid-point and mines 
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Fig. 2. Scots pine needle clusters showing mines of Exoteleia dodecella L. 


for a distance of 10 to 15 mm., usually towards the tip. The new mine is lined 


with silk, and unlike earlier mines, the entrance hole is left open and the frass 
is pushed out’of the mine. The larva moults into the fourth instar early in 
May and leaves this needle to enter a bud. 


Larva — Bud-mining period 

The larva enters the bud before spring growth begins. It shows a pre- 
ference for the small lateral buds of a cluster, but will also attack the larger 
central bud. At the base of the bud, the larva spins a silken tube, the walls 
of which become lightly impregnated with pitch, and the larva lies within this 
tube while making entry into the bud (Fig. 3). Mining within the bud does 
not follow any particular pattern, but the result is the same in each case in that 
the bud is completely excavated, leaving only the outer brown husk. Strong 
winds at this time blow many of these buds off the trees, probably resulting in 
considerable larval mortality. 

One large bud will provide sufficient food for a larva to reach the pupal 
stage, but in many cases two and sometimes three smaller buds may be destroyed. 
Growth of the bud ceases as soon as the larva enters so that destruction of the 
bud is the rule with this species (Fig. 3, B), rather than the malformation caused 
by some other common bud-mining insects found on conifers. The larva moults 
into the fifth instar in the bud and feeding continues until pupation in early June. 


Pupa 
Pupation takes place in a silken cell within the bud and the pupal stage 
lasts for about two weeks. The adults emerge from mid-June to early July. 


Parasitism 
Parasitism by hymenopterous insects was found to destroy about 50 per cent 
of the larval population in the Winchester and Vernon plantations. The fol- 
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Fig. 3. E. dodecella on Scots pine. A, Scots pine shoot showing pitch-impregnated tube 
used by larva while entering bud; B, Shoot bearing stunted bud resulting from larval feeding; 
C, Thickened foliage resulting from larval feeding; D, “Witch’s Broom” type of growth 
sometimes resulting from larval feeding. 
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lowing parasitic species were reared and have been identified by the Systematics 
and Biological Control Unit, Entomology Division, Ottawa: 
Scambus hispae (Harr.) Apanteles paralechiae Mues. 
Campoplex rufipes (Prov.) Pimplopterus parvus (Cress.) 
Habrocytus phycidis Ashm. Chelonus sp. 
Copidosoma geniculatum (Dalm.) 


Insect-Host Relationships 


Tragardh (1915) states that E. dodecella is particularly injurious to young 
pines in Sweden, with 50 per cent of the buds destroyed in some cases. In 
Ontario, infestations on young trees (up to about eight feet in height) have 
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Fig. 4. Distribution of larvae of E. dodecella in buds of open-grown Scots pine at 
Winchester, Ontario. 
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Fig. 5. Distribution of larvae of E. dodecella in buds throughout a closed stand of Scots 
pine near Vernon, Ontario. 


resulted in bud mortality reaching 60 per cent, and this high mortality persists 
on older trees, 25 feet in height or over, if they are open-grown. 


Destruction of the buds of Scots pine eight feet in height or less results in the 
formation of adventitious shoots and a thickening of the foliage (Fig. 3, C). In 
many cases, there is a tendency toward the “witch’s broom” type of growth 
(Fig. 3, D). Since the smaller ‘lateral buas are preferred to the larger terminal 
buds, as many as 75 per cent of the trees in a heavily infested plantation are able 
to maintain normal form in the main stem, although the laterals may be badly 
twisted and broomed. 

Since infestation intensity varied considerably throughout older stands, an 
attempt was made to learn the conditions preferred by the insect in stands of 
large trees. The distribution of feeding larvae on open- grown trees 25 feet in 
height was studied in a highway planting of 62 Scots pine near Winchester, 
Ontario. This stand was even- -aged, and completely surrounded by open farm- 
land. 

Ten trees, detached from the bulk of the stand, were selected for sampling 
so that the micro-climatic effects of the stand would be minimized and conditions 
would approach as closely as possible those of open-grown trees. Whole branch 
samples were taken at five-foot height intervals from each tree, and the number of 
infested buds on each branch was compared with the total number of buds. The 
numerical distribution of the insects on the trees followed the same pattern as 
the numerical distribution of the buds, but bud injury was slightly higher in the 
lower levels than in the upper parts of the trees (Fig. 4). 


The distribution of larvae in a closed stand was studied in a highway planting 
at Vernon, Ontario. This stand was approximately 400 feet long and 150 feet 
wide, and was surrounded by open fields. Although Scots pine predominated, 
a few Austrian pine, white spruce, white cedar, and several deciduous species 
were present. All sampling was done in the five- to 10-foot level, and 15 trees 
were sampled. The insects showed a strong preference for the southern fringe 
of the stand, where 40 per cent of the buds were infested. The eastern and 
western fringes supported a moderately high population, with 18 and 23 per cent 
of the buds infested. The number of ‘injured buds dropped to seven per cent on 
the northern fringe, and to only three per cent in the interior of the stand 
(Fig. 5). 

The effects of prolonged attack on the trees in older stands were obvious: 
the thick, bunchy growth typical of the younger trees disappears, and a thinning 
of the foliage occurs. The main trunk is often perfectly straight, but the 
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— foliage exposes the badly twisted laterals. The needles are short, they 
have poor colour, and the shoots are usually heavily infested with mites, aphids, 
and scale insects. 


Confusion of E. dodecella with R. buoliana 

Some difficulty has been experienced by field workers in the past in separat- 
ing the damage of E. dodecella and R. buoliana when they are found in mixed 
infestation. The damage of the two insects is actually distinctly different, but 
when the insects are present in large numbers, the characteristic differences are 
often masked by the badly deformed growth of the trees. 

E. dodecella enters the bud before growth begins in the spring and, as a 
rule, kills the bud before elongation takes place. R. “buoliana, on the other hand, 
enters the bud after elongation has begun, and the shoot usually continues to 
grow for a period at least while the larva is feeding. E. dodeceila spins a thin, 
white, silken tube at the base of the bud before entering, and the walls of this 
tube become impregnated with a small amount of pitch. However, the tube 
remains dry with very thin walls, and can be readily distinguished from the 
thick, sticky, pitch tunnels formed around the shoots by the larvae of R. buoliana. 
The presence of two or three needles with mined tips in the immediate vicinity 
of the infested bud is also a good indication of the presence of E. dodecella. 

The larvae of R. buoliana are at least twice the size of those of E. dodecella, 
and they are usually somewhat lighter in colour as w ell. Mr. O. H. Lindquist, 
Forest Insect Laboratory, Sault Ste. Marie, Ontario, has kindly provided the 
following distinguishing characters: 

“The larvae of R. buoliana have a conspicuous dark, arc-shaped sclerite at 
the base of each proleg, laterally. This is not present in E. dodecella. On 


E. dodecella, the lateral crochets are usually short with the circle often incom- 
plete at this point. The larva is also quite smooth, whereas R. buoliana bears 
relatively coarse microspines.” 


E. dodecella as a Pest of Christmas Trees 

It is possible that E. dodecella may present some problems for the growers 
of Scots pine Christmas trees in very young plantations, since the insect attack 
will greatly retard height growth, but if the infestation is not heavy before the 
trees have been in the field for three years, the damage will probably be negligible. 
Christmas tree growers usually begin to prune their trees in the third year, and 
thorough pruning destroys a large part of the insect population. Observations 
made in infested but pruned plantations show that the insects do not appreciably 
affect the quality of the trees. 


Summary 

The presence of E. dodecella in Ontario was first reported in 1928 occurring 
in nurseries in the Niagara Peninsula. This is believed to be the first record of 
this species in North America. A survey has shown that this insect is presently 
distributed throughout southern Ontario, from the Bruce Peninsula in the west 
to Ottawa in the east and south to the American border. 

The preferred hosts in Ontario are Scots and Mugho pines, but it is some- 
times found on white, red, jack, and Austrian pines when they are growing close 
to heavy infestations on the two preferred species. 

The insect is found in light to heavy infestations on older Scots pine, par- 
ticularly roadside plantings, throughout the area, but infestations on young trees, 
although present, are not common. This is especially interesting since Tragardh 
(1915) states that this species is particularly injurious to young pines in Sw eden. 
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The eggs are deposited on the current year or on one-year-old shoots in late 
June or early July. There are five larval instars, the first three of which feed 
in the needles, and the last two in the buds. The larvae overwinter in the third 
instar in the needles. Pupation takes place in the buds in June and the adults 
emerge in late June or early July. Larval parasitism, with mortality as high 
as 50 per cent, has been recorded, and seven species of hymenopterous parasites 
were reared. 

Infestations of this insect on young trees in Ontario have resulted in bud 
mortality reaching 60 per cent, and infestations on open-grown trees may persist 
for many years, but in closed stands the insect is found in appreciable numbers 
only on the fringes. Heavy infestations result in an_ initial thickening or 
brooming of the foliage, followed by malformation of the lateral branches, and 
finally by a thinning of the foliage and general lack of vigour. 

The damage of E. dodecella is sometimes confused with that of R. buoliana, 
but a careful examination reveals marked differences. 

E. dodecella, although a serious pest of Scots pine, will probably be of little 
concern to the Christmas tree grower since pruning seems to keep its numbers 
under control. 
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Abundance and Seasonal Distribution of the Common Species of 
Ceratopogonidae (Diptera) Occurring in the State of Connecticut’ 


FRANKLIN B. Lewis? 


Introduction 
Early in the course of a study of the dipteran fa: mily Ceratopogonidae, it 
was realized that very little was known about the species composition, both in 
numbers and kind, in the state of Connecticut. Consequently a study was set 
up to determine the species present and the relative abundance of the more 
common forms. The results of this study are presented in this paper. 


Materials and Methods 

The New Jersey type light trap with timing mechanism was employed in the 
areas studied. The trap was modified by placing a wire screen over the open 
top to prevent large nocturnal insects from being drawn into the killing bottle 
and injuring the smaller gnats. The bottom of the trap funnel was covered with 
cheesecloth on the outside to prevent escape of the smaller biting midges. 

Since a complete survey of the entire state was impossible two areas were 
selected representing distinctly different ecological situations. One area was a 
fresh water bog habitat and the other was a salt marsh habitat. 

The fresh water area, located in Storrs, is a small marsh, well-shaded and 
protected from the wind by a dense perimeter of deciduous trees. A brooklet 
running through the area maintained the bog in a well-saturated state except 
during the hot summer months when the brooklet and adjacent areas dried up. 
The area is rich in decaying plant material interspersed with sphagnum hum- 
mocks and has many fallen trees and branches in all stages of decay. 

The salt «ater area, located in Madison at the Hammonnessett State Park, 
has a heavy growth of salt marsh grass and was treeless, except for a few scrub 
growth deciduous trees. The site is extensively ditched for mosquito control 
and is subject to periodic tidal flooding. 

The Storrs area was trapped once a week from May 4, 1953, to September 
15, 1953, and from May 4, 1954, to August 15, 1954. The traps were turned on 
at sunset and ran until midnight. 

The Madison area was trapped continuously from June 24, 1953, to Sept- 
ember 15, 1953, and from May 1, 1954, to July 15, 1954. The traps were turned 
on at sunset and ran until midnight. The killing j jar was replaced once a week. 


Meteorological Data 
A compilation was made of the temperature and rainfall for the months of 
May through September for the year 1953. The dates of rainfall measuring 
more than one-tenth of an inch coupled with a rise in temperature of more than 
five degrees over the preceding temperatures are listed in the following table. 


These dates have been placed on all the figures representing the incidence 
curves for the various species discussed in this paper. It is interesting to 
note that in almost every case where a day or two of rainfall and rise in 
temperature occurred, the different species reacted with a rise in population 
except in the cases where the species was not present in the faunal composition. 
It has been reported that the emergence of gnats is correlated with rainfall and 
—_— (Hill, 1947). The result of this paper appear to bear this out and 


portion of a thesis presented to the graduate faculty of the Univ. of Conn. in partial fulfillment of 
the pap’? degree. 
© 2Present address: Forest Insect Laboratory, U.S. Forest Service, 335 Prospect Street, New Haven, 
onn. 
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TABLE I 
Dates of Combined Rise in Temperature Coupled with a Rainfall of 
More than Cne-Tenth of an Inch 


Locality May June July Aug. 


Storrs 5-6 9-10 25 
7-10 


Madison 5-7 
17-18 


in addition indicate that genera other than Culicoides react similarly to the 
stimuli of temperature rise and rainfall. 


Discussion of Genera 
Prior to this study, only four genera containing a total of eight species of 
ceratopogonids had been reported ‘from the state of Connecticut (Johannsen, 
1952). This paper increases the generic list to sixteen containing eighty-two 


species. 


On the basis of material trapped in the two Connecticut locations, two 
genera, Atrichopogon and Culicoides, were extremely abundant. A third genus, 


TABLE [I 


List of Species of Ceratopogonidae Collected in This Study 


Atrichopogon 
fusculus Coq. 
levis Coq. 
websteri Coq. 


Forcipomyia 
coquilletti K. 
pilosa Coq. 
pluvialis Mall. 
brevipennis (Macq. ) 
bipunctata (L.) 
eques Joh. 
splendida Wirth 


Dasyhelea 
ancora Coq. 
cincta Coq. 
grisea Coq. 
major Mall. 
mutabilis Coq. 
oppressa Thom. 
pollinosa Wirth 
atrata Wirth 


Culicoides 
arboricola R. & H. 
biguttatus (Coq. ) 
canithorax ( Hoff.) 
chiopterus (Meig.) 
crepuscularis Mall. 
furens Poey 
guttipennis (Coq. ) 
haematopotus Mall. 
melleus (Coq.) 
nanus R. & H. 
niger R. & H. 
obsoletus Meig. 
piliferus R. & H. 
spinosus R. & H. 


Culicoides (Continued ) 
stellifer (Coq. ) 
travesi Varg. 
variipennis (Coq.) 
venustus Hoff. 


villosipennis R. & H. 


Alluaudomyia 
bella (Coq.) 
needhami Thom. 
paraspina Wirth 
para Wirth 


Helea 
culicoidithorax Hoff. 
mallochi (Cole) , 


serrata Lewis 


Stilobezzia 
bulla Thom. 
coquilletti K. 
lutea Mall. 
pallidiventris Mall. 
stonet Wirth 


Monohelea 
johannseni Wirth 
leucopeza \ Meig.) 
macfiet Wirth 
nebulosa Coq. 
stonet Wirth 


Jenkinshelea 
albaria Coq. 


Clinohelea 
bimaculata Loew 
nebulosa Mall. 


Dicrohelea 
argentata Loew 


Johannsenomyia 
albibasis Mall. 
caudelli Coq. 
halteris Mall. 
smithi Lewis. 


Sphaeromias 
longipennis Loew 


Palpomyia 
flavipes Meig. 
hirta Mall. 
opacithorax Mall 
plebeia Loew 
rufa Loew 
subasper Coq. 
tibialis Meig. 
trivialis Loew 


Bezzia 

dentata Mall. 
expolita (Coq.) 
flavitarsus Mall. 
glabra (Coq.) 
incerta Mall. 
setulosa (Loew) 
varicolor Coq. 


Probezzia 
rosewalli Wirth 
sabroskyi Wirth 
pallida Mall. 
xanthogaster (K.) 
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Forcipomyia, was common but did not approach the first two in abund.unce. 
The seven other genera represented in the trapped material were found to be of 
low relative abundance. 

Table III gives the percentage abundance of the ten genera trapped at Storrs 
and Madison and Table IV gives the extreme of the seasonal distribution of nine 
genera. Some of the genera were found throughout the entire collecting season 
while others were found only during a relatively short period of time. All of 
the genera with terrestrial larvae, namely Atrichopogon, Forcipomyia, and Dasy- 
helea, had extended occurrence times whereas some of the strictly aquatic genera 
such as Bezzia, Palpomyia, and Alluaudomyia had relatively short occurrence 
times. 

Boesel and Snyder (1944) have shown that Atrichopogon levis Coq. has 
more than one generation per year. Saunders (1926) has shown also that some 
European Forcipomyia spp. may have several generations per year. It is not 
surprising, in view of these observations, that the Connecticut members of these 
genera would occur throughout the entire collecting season. No literature is 
available on the life cycles of Bezzia, Palpomyia and Alluaudomyia but Hill 
(1947) has shown that some British Culicoides have one and rarely two genera- 
tions per year. 


Discussion of Species 

Atrichopogon Kieffer 
Three species of the genus Atrichopogon occurred in the trapped material. 
Two have been reported previously from Connecticut by Johannsen (1952). 
One of these, A. fusculus, was the most prevalent ceratopogonid encountered 
during the entire study. Approximately eighty-one hundred specimens were 
trapped at Madison in 1953. This species represented over fifty per cent of the 

entire specimen catch. . 


TABLE III 
Percentage Abundance of Genera — Storrs and Madison (1953-54) 


é Storrs Madison 
yenus 





Numbers , Numbers 


Atriche pogon...... , 31 
Forcipomyia.... yineghi es 636 
Dasyhelea ; 6 
Culicoides... . 

Alluaudomyia . 

Stilobezzia . . 

Monohelea . 

Polpomyia. . . 

Johannsenomyia . 


Bezzia.... 
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TABLE IV 
Seasonal Distribution of Genera — Storrs and Madison 








Earliest Occurrence Latest Occurrence 





oe ES SS De ae eS May 4, 1953 Sept. 9, 1953 
Forcipomyia........ ae May 6, 1953 | Sept. 16, 1953 
Palpomyia pews May 10, 1953 May 18, 1953 
Atrichopogon......... pi May 12, 1953 | Sept. 1, 1953 
Dasyhelea Sapp 4. | May 12, 1953 | Sept. 1, 1953 

May 18, 1953 June 23, 1953 

June 9, 1953 Sept. 1, 1953 
Alluaudomyia. . — | June 23, 1953 June 23, 1953 
Monohelea........ | 1953 July 8, 1953 











Fig. 1 indicates the seasonal incidence of A. fusculus. This species in 
1953 reached its peak emergence in late August, but was represented by speci- 
mens from June 24, to 8 ag 11. The species maintained a low population level 
from mid-June to mid-July when a sharp upsurge in the population was noted. 


It is probable that fusculus, like its close relative levis, had more than one 
generation per year at Madison in 1953. If this was the case then the species 


had a low overwintering population which, in 1953, had a brief generation in 
mid-July. The second and largest generation emerged about August first and 
maintained a high incidence until the first week in September when an abrupt 
decline in population occurred. 

Fig. 2 indicates the seasonal incidence of Atrichopogon websteri. The 
general pattern of the incidence curve is similar to that of fusculus, except that 
the peak emergence date for websteri in Madison in 1953 was the first week in 
August. A low early-season population occurred with a high peak for the first 
summer generation. The first generation tapered off abruptly to a rather low 
level until the first week of September when the second summer generation 
appeared. This generation was smaller than,the first, a reversal to that found in 
fusculus. There seemed to be less overlap in the generations of websteri than 
in those of fusculus. 

No graph was plotted for A. levis since so few specimens were trapped. 
This species apparently has one to several generations per year depending upon 
climatic conditions (Boesel and Snyder 1944). 


Forcipomyia Megerle 

Seven species of Forcipomyia were obtained in light traps during the summer 
of 1953. 

The seasonal incidence of F. splendida in 1953 is indicated in Fig. 3. 
Three apparent summer generations occurred in this species. Three major peaks 
are recorded, the first in early June, the second during the last week in July, 
and the third during the last week in August. Overlapping emergences main- 
tained a low population during the nadirs between peaks. The species was 
= throughout the entire collecting season at Storrs and its greatest popu- 
ation density occurred from the latter half of June to the middle of July. 
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Figs. 1-4. Seasonal distributions of Ceratopogonidae. 1, Atrichopogon fusculus, Madison, 
1953-54; 2, A. websteri, Madison, 1953-54; 3, Forcipomyia splendida, Storrs, 1953-54; 4, F. 
bipunctata, Storrs and Madison, 1953-54. Dates with at least 0.1 inch precipitation and five- 
degree increase over previous day’s temperature marked X. 


Fig. 4 indicates the seasonal distribution of F. bipunctata at Storrs and at 
Madison in 1953. The species in Storrs showed three possible generations per 
summer with the entire adult population eliminated between generations, while 
the species at Madison did not indicate definite generations but rather a series of 
overlapping broods. The greatest population of bipunctata at Storrs occurred 
during the month of June while the largest at Madison occurred from the last 
week of July to the first week of September. It is obvious that further study of 
the ecological requirements of F. bipunctata is necessary. The possibility of 
subspeciation exists in a species which can utilize such divergent ecological 
situations. An examination of specimens from both localities did not indicate 
any morphological differences. 


Dasyhelea Kieffer 
Eight species of the terrestrial or semi-terrestrial genus Dasyhelea were 
trapped in 1953. No previous study has been made of the number of genera- 
tions per year nor of the seasonal occurrence of members of this genus. The 
genus was represented by greater numbers of species and individuals at Madison 
than at Storrs. 
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a collected during this investigation occurred 
in numbers large enough to be graphed for seasonal incidence. Fig. 5 in- 
dicates the seasonal incidence of D. grisea. This species was found in low num- 
bers at Madison in 1953 during the months of June, July, and August. During 
the first week of September, the species exhibited a sharp upsurge in population 


Only two species of Dasyhele 

















































ae 
60r 3604 
Fi6.5 
so. 
cococecese 0. GRISEA 
270] 
——— 0. ANCORA > 
404 é 
a 
< 
> _ 
1 ' = 
r) 
| 1 4 1804 
« 2 
> 
~ z 
x 
r 
z 70 
=] 
m 
90+ 
104+ 
to =~ - a wah Swe eS 
MAY JUNE JULY Ave. 
350r 
300 Fig. 7 
r 20, 
FIG. 8 
2sor 25+ 
; 
200r 20 
> 
« 
oa 
& 
3 150 is 
£ 
. 
a 
ive) 
a 
> eo 10+ 
z 
5Or / S+ 
$+} $4} tp a a ray S 
10 20 30 0 20 3% 10 2 30 (@ 40 a nh Bb tna fe eS 
JUNE JULY AUG, 
JUNE JULY ave. SEPT. 


Figs. 5-8. Seasonal distributions of Ceratopogonidae. 5, Dasybelea ancora and D. grisea, 
Madison, 1953-54; 6, Culicoides biguttatus, Storrs, 1953-54; 7, C. biguttatus, Madison, 1953-54; 
8, C. stellifer, Madison, 1953-54. Significance of X as in Figs. 1-4. 
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with an equally sharp drop in the population immediately afterward. No 
accurate estimation of the number of generations could be made on the basis of 
the material at hand. 

A conservative interpretation of Fig. 5 which also represents the seasonal 
incidence of D. ancora indicates that this species probably had more than one 
generation per year with population peaks appearing in mid-July and again in 
early September. A low population was maintained by overlapping emergences 
between the two large population peaks. 


Culicoides Latrielle 

The genus Culicoides has received intensive analysis with regard to life 
cycles, generations per year, seasonal abundance, and m¢..cal importance in 
tropical and semi-tropical areas. Hill (1947) has provided pertinent data on 
the life cycles of several species of British Culicoides. She indicated that eco- 
logical, physical, and chemical factors are very important in determining the 
number of generations per year for these species. Some, e.g., obsoletus, were 
found to have more than one generation per year while others, e.g., impunctatus, 
exhibited but one per year. 


The following two tables give the species breakdown of Culicoides at the 
two locations trapped. 


One specimen each of villosipennis, varitpennis, nanus, and niger were 
trapped at Madison but are not included in Table VI. 


Wirth (1952) made a study of two species of Culicoides and described 
their ecological requirements. Furens required salt marsh areas for develop- 
ment and melleus required sandy salt water beaches for development. Other 
species appear to have wide latitude in their ecological requirements as deter- 
mined by the present investigation. 


Eight of the fifteen species of Culicoides herein reported are restricted to 


one of the two habitats trapped. Three utilize the fresh water bog area and 
five utilize the salt marsh habitat. The other seven species were found in both 


TABLE V 
Species Composition of Culicoides — Storrs 1953-54 


Number Average number 
Species Collected o// per trap day 

diguitatus . . r, be ; 1,397 . - 58.8 a a 58 ‘itil 
piliferus.... 727 30.7 30 
obsoletus.... 173 7.3 7 
villosipennis . 25 4 1 
canithorax.. ‘ 24 » 1.0 1 
stellifer..... 15 0.6 t 
haematopotus. . . 6 0.2 t 
crepuscularis . 4 0.2 t 
bauert.... = 3 0.1 t 
chiopterus . 2 0.1 t 
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TABLE VI 
Species Composition of Culicoides — Madison 1953-54 


Number Average number 
Species Collected i per trap day 


biguttotus ... ‘ei : 037 39. 2¢ 


melleus..... : 714 : Z 
furens.... : : - 11 
canithorax 

crepuscularis 

stellifer 

piliferus.... 


haematopotus 


localities, however, only one, biguttatus, apparently can develop with equal 
facility in both habitats. 

Figs. 6 and 7 illustrate the seasonal incidence of C. biguttatus at Storrs 
and Madison. The species showed marked differences in these two areas, but 
an examination of specimens from the two localities failed to indicate any 
morphologic differences. Apparently environmental conditions were responsible 
for the difference in the incidence. The species occurred a month earlier at 
Storrs than at Madison. At the latter locality the species made its first ap- 
pearance in the last half of June. The length of time during which the species 
was found in both areas was approximately the same, eighty- -three days at 
Storrs, and seventy-five days at Madison. At Storrs, the species exhibited two 

broods, the first and smaller occurring during the first week of June, and the 
second, larger brood reached its peak during the last week of June in 1953. 
The species at Madison in 1953 showed three population peaks. Several inter- 
pretations can be placed on the incidence curve of biguttatus at Madison. One 
possibility is that there were three distinct broods with but one generation per 
year. The second possibility is that there Were two generations and one inter- 
mediate brood as an adjunct to the first generation. Until further data is ac- 
cumulated by larval rearings and more intensive adult collecting no definite 
statement can be made at the present from the material at hand concerning the 
number of generations per year of C. biguttatus in Connecticut. 


Light trap collections made at Storrs in 1954 are plotted on Fig. 6. The 
emergence dates of this species were about three weeks later than in 1953 due to 
a cold, wet spring and a cold, wet early summer. The incidence curve ap- 
proximates that for the species in 1953. 


Figs. 8 and 9 illustrate the seasonal incidence curves for C. stellifer at 
Storrs and Madison. The curves for the species in both localities are comparable, 
with both emergence dates and population peaks occurring within a week 
of one another. In this species, there was apparently but one generation per 
year with an early high population peak which tapered off to a low constant 
population for a month. This gnat was found for the same length of time in 
both localities. Seventy-four days was the total length of adult occurrence. 
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Fig. 10 illustrates the seasonal inci: .nce curve for C. obsoletus. This 
species exhibited two generations per year, the same as Hill observed for the 
species in England. C. obsoletus, an early spring form, is responsible for the 
reputation of the biting ceratopogonids in the Northeast. The species is a 
vicious biter, often occurring in unbelievable numbers. One of the unexplain- 
able features of this study was the apparently low population of obsoletus at 
Storrs, since this species has been reported to be the dominant one in the 
Northeast. Obsoletus at Storrs in 1953 showed three definite population peaks, 
one occurring during the second week of May, one during mid-June and the 
last during the first week of September. The adult population was eliminated 
between peaks giving added emphasis to the belief that more than one generation 
was represented. It-ig possible that the species at Storrs had two generations 
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Figs. 9-12. Seasonal distributions of Ceratopogonidae. 9, Culicoides stellifer, Storrs, 

1953-54; 10, C. obsoletus, Storrs, 1953-54; 11, C. piliferus, Storrs, 1953-54; 12, C. furens and 
C. crepuscularis, Madison, 1953-54. Significance of X as in Figs. 1-4. 
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with the spring one having two broods separated by a week and the fall genera- 
tion with but one brood. The first brood of the spring generation occurred 
from the first week of May to the third week, and the second brood occurred 
from the first week of June to the second week of July. The second genera- 
tion, undoubtedly resulting from the first spring brood, emerged in early 
September. An examination of the specimens collected at Storrs during 1953 
indicated that there is a difference in the morphology of the spring and fall 
forms. The spring form was a typical obsoletus conforming to the published 
descriptions of Root and Hoffman (1937) and Downes and Kettle (1952). 
The ar form differed somewhat from the usual pattern of wings. This form 
was darker in color with the second radial cell veins noticeably darker than the 
rest of the wing veins. The wing spotting was more pronounced and discrete. 
An examination of the male genitalia of the two forms did not indicate any 
morphological difference. Males of both forms conformed with published 
figures and descriptions of obsoletus male genitalia. 


The seasonal incidence of Culicoides piliferus Root and Hoffman is 
recorded on Fig. 11. This species, second only to biguttatus in abundance 
at Storrs in 1953, had not been reported from Connecticut. It usually does not 
attack man but prefers avian blood. Dr. L. R. Penner of the University of 
Connecticut staff has provided the author with large numbers of this species in 
association with C. biguttatus and C. travesi. They were collected at daybreak 
on the windows of a chicken coop. All specimens of piliferus were gorged 
with chicken blood, having fed during the night. In addition the author has 
used himself as bait during the piliferus season and was never bitten by them 
even though they alighted upon his person. 


Examination of the incidence curve of piliferus indicates that this species 
had either two generations per year or that it had two widely separated broods. 
A small population peak occurred during the middle of May and a very large 
peak occurred during the second week of July. Since fifty days separated 
the two population peaks, it is distinctly possible that the second peak represent- 
ed a second generation resulting from the small early population. Hill’s results 
with obsoletus in Great Britain indicate that a second generation can undergo 
complete development within two months, if climatic and nutritional require- 
ments are adequate. 


Fig. 12 illustrates the seasonal incjdence of Culicoides crepuscularis 
Malloch, at Madison in 1953. An analysis of the curve for this species permits 
two interpretations on the basis of the material. This species had either three 
separate broods, or two generations with an auxiliary brood of the first genera- 
tion. Population peaks occurred in the third week of July and the first week 
in September, with a small intermediate peak the second week of August. 
Thirty-seven days separated the two major peaks of this species at Madison, a 
period of time insufficient for the development of a second generation if results 
of previous investigations can be extrapolated for this species. 


The seasonal incidence curve for Culicoides furens (Poey), Fig. 12, in- 
dicates that this a had but one generation in Madison during 1953. This 
species was abundant from the last of June until the middle of August. Two 
major population peaks, one in mid-July and the other in early August, occurred. 
Culicoides furens, a vicious biter, was found throughout the entire collecting 
season at Madison and had the greatest adult occurrence = of any species 
taken in Connecticut during 1953, undoubtedly due to overlapping emergences 
throughout the summer. 
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The seasonal incidence curve of Culicoides canithorax Hoffman, the common 
salt marsh species in the eastern United States, is illustrated on Fig. 13. This 
species had one generation during the 1953 collecting season at Madison. 
Canithorax emerged during the third week of June and was found in moderate 
numbers until the second week of September. One population peak occurred 
during the third week of July. No secondary broods were found during 1953. 
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Figs. 13-15. Seasonal distributions of Ceratopogonidae. 13, Culicoides canithorax, Madison, 
1953-54; 14, C. melleus, Madison, 1953-54, 15, Stilobezzia lutea, Storrs, 1953-54. Significance 
of X as in Figs. 1-4. 
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TaBLe VII 
Species Succession of Culicoides at Storrs in 1953 








Appearance Date Major 
Peak 
Date 





Earliest Latest 





obsoletus eee ; May Sept. 9 May 12 
piliferus.... Seo ahheueaale May Aug. 11 May 14 


crepuscularis....... ‘ May June 9 June 9 


canithorax. . 5 June Aug. 26 June 15 
biguttatus ; June Aug. 11 | June 29 
haematopotus. . . June July 17 June 29 
piliferus.... : May Aug. 11 | July 10 
stellifer 5 June | Aug. 26 | July 17 
villosipennis . + June Sept. 1 July 17 


Culicoides melleus Coquillett, whose season incidence curve is illustrated on 
Fig. 14, was the most prevalent species found at Madison during 1953. This 
species emerged the third week in June and was trapped in large numbers until 
the second week of September when the adult population died out. Two 
major population peaks were recorded, one during the first week of July and 
the second during the third week of August. A small secondary peak occurred 
in late July. Two separate broods are indicated rather than two generations. 


The species succession of Culicoides is recorded in Tables VII and VIII. 
The lists are arranged in order of earliest appearance of the first peak date. 


Culicoides stellifer Coquillett was the only species of this genus, common 
to both the Storrs and Madison areas, which had approximately the same 


TABLE VIII 
Species Succession of Culicoides at Madison in 1953 
“ J ee 





Appearance Date 


Earliest 
piliferus op ; June 30 . 
eee eee June 
stellifer.... sere June 
melleus..... seu June 
canithorax... atl June : 
haematopotus. . . cswtAees July 20 


crepuscularis..... ; July 4 


biguttatus Gen ete June 30 
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TABLE IX 
Species of Stilobezzia Taken in Light Traps in 1953 








Species Storrs Total Madison Total | 





lutea Mall 
pallidiventris Mall... . 


stonei Wirth 





emergence date and population peak date. All the other species common to 
both areas show a wide difference in the peak and emergence dates. These 
dates were nearly one month later at Madison. Examination of specimens from 
both localities did not indicate any morphological differences, so it must be 
assumed that ecological and environmental factors are responsible for the differ- 
ence. 


Stilobezzia Kieffer 


Three species of the genus Stilobezzia occurred in the ligh trap material 
in 1953. One species, Jutea, was found in numbers sufficient for seasonal in- 
cidence analysis. Tabic IX lists the species of Stilobezzia trapped. 

An analysis of Fig. 15, the seasonal incidence curve of Stilobezzia lutea 
Malloch at Storrs in 1953, indicates that this species was an early summer form 
occurring during the latter half of May to the middle of July. Apparently 
the species had but one generation per year based upon the 1953 material. 
Two population peaks occurred, one during the first week of June and the 
second during the last week of June. Very little information is available on 
the life cycles of members of this genus. The immature stages, habits, and 
abundance are virtually unknown. 


Other Genera Collected 


Five other genera, Alluaudomyia, Monohelea, Palpomyia, Johannsenomyia, 
and Bezzia, were collected in the light traps at Storrs and Madison. An ex- 
amination of Table II shows that all of these genera were found to be of low 
abundance in the areas collected. Monohelea stonei Wirth collected at Madison 
was the most abundant species of that genus, while Bezzia setulosa Loew was 
the most abundant member of that genus. The specimens were taken in 
Madison. 

The other genera were represented by one or two specimens and are listed 
in the species list. 
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Description of a New Species of Typhlodromus (Acarina: 
Phytoseiidae) from Eastern Asia’ 


By D. A. CHant? 


Entomology Laboratory, Belleville, Ontario 


Many new species of Typhlodromus were described in recent years and 
these can readily be assigned to the species groups established by Chant (in 
press). Recently I received some slides of mites collected by Dr. Stanley 
Flanders, Citrus Experiment Station, Riverside, California, in Hong Kong in 
1953. These mites are of the subgenus Typhlodromus as defined by Chant 
(1957), of a hitherto undescribed species that does not fall into any of the 
groups listed and that is of particular importance to those interested in the 
systematics of the Phytoseiidae. 


Typhlodromus (Typhlodromus) contiguus sp.n. 
Figs. 1-6 

Female.—Length 320u; width 210u. Dorsal shield smooth, with 16 pairs of 
setae, of which eight are in the lateral, two in the median, and six in the dorsal 
rows (Fig. 1). Setae L,, L,, L,, D,.,, M, minute. Remaining setae longer, 
the measurements as follows: D,, 21u; L,, 52u; Lz, 65u; L,;, 78u; L,, 74u; L,, 
154u; M,, 102u. A small pore slightly anterior to L,. Setae L, and L, the 
only lateral setae on the posterior third of the shield. 

Setae S, and S, on interscutal membrane. Peritreme broad with posterior 
projection truncate and curving around base of coxa IV (Fig. 3). Sternal shield 
normal, with three pairs of setae. Metasternal plates with a fourth pair of 
setae. Genital shield short, with a pair of setae. Ventrianal shield rectangular 
(1204 long, 804 wide) with posterior margins rounded, with four pairs of 
preanal setae, and with a pair of pores (Fig. 2). Three pairs of setae on mem- 
brane surrounding ventrianal shield, one long (50u). Two pairs of short 
metapodal plates, one very small. One pair of small, secondary, sclerotized 
plates on membrane anterolaterad to ventrianal shield. Membrane folded 
between genital and ventrianal shields. Coxal gland bell-shaped with a long, 
slender stem. 

Gnathosoma and maxillary palps normal. Fixed digit of chelicera with 
eight teeth and pilus dentilis; movable digit with two or three teeth (Fig. 4). 

Leg IV with three long macrosetae, on genu, tibia, and basitarsus (60, 54, 
and 50u respectively) (Fig. 5). 

Male.—Length 230u; width 150u. Setae S, and S, on dorsal shield. Ventri- 
anal shield with four pairs of preanal setae and a pair of pores (Fig. 6). Chelicera 
with spur-shaped spermatophoral process. Leg IV with three macrosetae. 

Diagnosis.—This species can be recognized by the presence of eight pairs 
of lateral setae of which some are minute, by the presence of three long macro- 
setae on leg IV, and by the presence of four pairs of preanal setae. This 
combination of characters is unique. 

Locality and Type Material—The holotype female was collected on citrus 
leaves at Taipo, Hong Kong, in November, 1953, by Dr. S. E. Flanders. Two 
female paratypes have the same data and seven female paratypes were collected 
in the same locality from grapefruit leaves. The allotype male is from coconut, 
Los Banos, Laguna, Phillipine Islands, collected in April, 1955, by Mr. J. 

1Contribution No. 3868, Entomology Division, Science Service, Department of Agriculture, Ottawa, 


Canada. 
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Figs. 1-6. Typhlodromus (Typhlodromus) contiguus sp.n. 1, dorsal surface of female; 
2, ventral surface of female; 3, peritrematal plate; 4, chelicera of female; 5, leg 1V of female; 
6, ventrianal shield of male. 


Mathysse. Three additional females were examined from the Phillipines, one 
from citrus, one from mandarin orange, and one from Bauhinia purpurea leaves, 
all collected by Mr. Mathysse. The holotype and allotype are in the Canadian 
National Collection (No. 6709), and paratypes will be deposited in the U.S. 
National Museum and the collection of the Citrus Experiment Station, Riverside, 
California. I wish to thank Dr. C. A. Fleschner of the last-named institution for 
making available to me the specimens from which this description was prepared. 


Discussion.—As indicated above, this species is of particular interest because 
of the unique position it occupies in the genus Typhlodromus. The diagnostic 
character separating the two subgenera of this genus concerns the number of 
anterior lateral setae on the dorsal shield; mites with five pairs are placed in 
Typhlodromus s.str. and those with only four in Amblyseius s.str. (Chant, 1957). 
Therefore, there is no doubt that the new species belongs to the former. That 
this species has four pairs of preanal setae on the ventrianal shield confirms this 
placement; species of Amblyseius s.str. never have this number, though two and 
three pairs are common to both subgenera. T. (T.) contiguus, however, has 
in addition several features that indicate a close affinity to members of Amblyseius 
s.str.: the three large macrosetae on leg IV; the relative lengths of the lateral 
setae on the dorsal shield (not all members of Amblyseius have some lateral 
setae much longer than others but this condition has not previously been observed 
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in species of Typhlodromus s.str.); and the multidentate condition of the 
chelicerae. To some extent, therefore, this new species demonstrates the close 
relationship between the two subgenera and vastiftes their inclusion in a single 
genus. It does not, however, bridge the gap so completely that the distinction 
between the subgenera is invalidated. 


Summary 
T. (T.) contiguus sp.n. from Hong Kong is described and is shown to be 
more or less intermediate between the subgenera Amblyseius and Typhlodromus. 
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Influence of Humidity on Longevity, Fecundity, and Rate of 
Increase of the Grain-infesting Mite Tyrophagus castellanii 
(Hirst) (Acarina: Acaridae) Reared on Mould Cultures’ 


By I. Rivarp? 


Entomology Laboratory, Belleville, Ontario 


Results of an experiment reported previously (Rivard, 1958a) showed the 
influence of various humidities on mortality and rate of development of the 
immature stages of Tyrophagus castellanii (Hirst) reared on mould cultures at 
a constant temperature. Results of an experiment on the influence of humidity 
on the longevity and fecundity of the adult mites are reported in the present paper. 
Information gathered from both studies is used to calculate the innate capacity 
of the species for increase at different humidities. 


Materials and Methods 

A stock culture of the mites was reared for several generations on a mould, 
Aspergillus sp., with the technique developed by Rivard (1958). Breeding 
cells each containing one pair of mites were placed inside desiccator jars in which 
different relative humidities were maintained by means of various solutions of 
potassium hydroxide (Peterson, 1949). Rearing was done in a cabinet at a con- 
stant temperature of 77+1°F. Fifteen pairs of mites were studied in each series 
of tests, at relative humidities of 70, 80, 90, and 100 per cent. All females used 
were less than 24 hours old at the beginning of the experiment and were usually 
mated with males of the same age. If the male of an old pair happened to die 
first a new male was introduced at once into the cage. Also, for comparison, 
four females were mated once and kept in isolation thereafter at a relative 
humidity of 80 per cent. Twelve unmated females were also kept under ob- 
servation for three to four weeks to determine whether parthenogenetic repro- 
duction occurs. The material was examined daily and the observations were 
recorded. After they were counted, the eggs were removed from the cages 
and either destroyed or kept for development studies. Whenever necessary, 
mites were transferred to new cages with fresh food. In each test, observations 
were continued until the death of the female, when the male was also discarded. 

1Contribution No. 8850, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
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TABLE [ 


Average durations in days of lite of 15 adult females of T. castellanii 
at 77° F. and various humidities 


Preoviposition Oviposition Postoviposition | Total 
period period period adult life 





Relative humidity 
A. 


Range | Mean | Range | Mean) Range Mean | Range | Mean 





or 3 | 3 | 1-9 | 22-70 | 43 
1-4 33 17-58 | 38 
24 | 1- 12-50 | 29 
23 28 


Difference necessary for 
significance at 5% level 


Results and Discussion 

Longevity 

The great majority of the males lived longer than the females in each series 
of tests, but records on their longevity were inadequate, the males having been 
discarded soon after the death of their mates. The average lengths of various 
periods of adult life for females kept at different relative humidities are shown 
in Table I. Both the preoviposition and the postoviposition periods were signifi- 
cantly longer at 70 per cent relative humidity. The oviposition period and the 
total adult life varied greatly between the individuals, but were significantly 
longer at 70 and 80 per cent relative humidity than at 90 or 100 per cent. 
Duration of the larval and nymphal stages (Rivard, 1958a), however, were sig- 
nificantly shorter (P < 0.01) at 90 per cent relative humidity than at 80 per cent, 
and a further decrease of ten per cent in humidity again increased the length of 
development. 


Fecundity 

As shown in Table II, OViposition was significantly greater at 80 to 100 
per cent relative humidity than at 70 per cent, although it extended over longer 
periods at the lower humidities. For instance, to lay 95 per cent of their eggs, 
the mites required on the average six weeks at 70 per cent relative humidity, 
almost five weeks at 80 per cent, and a little less than four weeks at 90 and 
100 per cent. 

The females were capable of mating soon after the final moult, and they 
copulated repeatedly during their adult life. The act of copulation required 
normally one to two hours. Of all the females reared only those that copulated 
laid eggs. Of twelve unmated females kept under observation for three to 
four weeks, none oviposited as long as they remained virgin but when males 
were introduced into the cages mating took place almost at once and the females 
started to lay eggs the following day. As these mites were discarded soon 
afterwards, it was not possible to assess the effect of delayed mating on the rate 
of oviposition or on the total number of eggs laid. However, longevity was 
not significantly affected in four females mated once soon after the last moult 
and kept in isolation thereafter at a relative humidity of 80 per cent. But the 
preoviposition period averaged one day longer than for those kept with males 
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TABLE II 


Average numbers of eggs laid per week per female alive at the beginning of the experiment 
for 15 females of T. castellanii at 77° F. and various humidities 


Relative 


humidity 
ni 
€ 


3rd 


Ist 2nd 


37 | 28 | 27 
s3 | 77 | 65 
90 12 | 96 | 57 
100 12 | 82 | 37 


Difference necessary for significance at 5% level 


and maintained at the same humidity, the females laid many fewer eggs (116 
compared with 294), and oviposition ceased after three weeks. These observa- 
tions indicate that mating is essential for the production of eggs and that frequent 
copulation is essential for the maintenance of normal oviposition. Therefore, 
in populations of low density mating probably occurs less frequently than 
normally, reducing the rate of oviposition and consequently the rate of in- 
crease. 


Rate of Increase 
An animal’s intrinsic rate of increase is given by r in the formula 


Ne = N.e't (a) 


where N, and N, are the numbers of reproducing individuals at times zero and 
t, respectively, and r is the intrinsic rate of increase (Lotka, 1925). The finite 
rate of increase is defined as 1 = e*. 


Following Howe’s (1953) method of estimating 7, all the eggs are assumed 
to be laid at a single instant, usually the mid-point of the oviposition period. 
Thus, if the developmental period is d, and the oviposition period /, all the 
eggs are assumed to be laid after d + 4/. If the female lays 27 eggs of which 
a proportion p mature, and the sex ratio of offspring is unity, then, from (a), 

In(N./No) In (np) 
sp -eceenditecaees —_ (b) 

t d + jl 
When / is long in relation to d, as in this case, modification is necessary. The 
oviposition period is divided into a number of convenient unit periods and, with 
a table of weighting factors, the number of eggs laid in each of these unit 
periods is converted into the number of eggs required to be laid in the first of 
these unit periods to make an equivalent contribution to the rate of increase. 
The sum of these equivalent figures represents the observed egg number and 
pattern. Also the oviposition rate is expressed per female alive at the beginning 
of the experiment, which reduces the life table required for the calculation of r 

to a single figure that gives developmental mortality. 

In the present study a week was selected as a convenient unit period, and 
the sex ratio of the mites was considered as unity. As reported in a previous 
paper (Rivard, 1958a), mortality during development was approximately 60, 


eee 


SEEPS STO 
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50, 50, and 70 per cent, and mean developmental period was about 20, 14, 
12, and 13 days, at 70, 80, 90, and 100 per cent relative humidity respectively. 
The mean preoviposition period lasted three days at 70 per cent and two days 
at the other humidities as indicated in Table I. Therefore, total developmental 
period of T. castellanii females to the middle of the first week of laying 
amounted to 3.8, 2.8, 2.5, and 2.6 weeks at relative humidities of 70, 80, 90, and 
100 per cent respectively. The various weekly oviposition rates per female 
alive at the — of the experiment are given in Table II. When these 
figures are corrected for sex ratio and mortality, new sets of figures are obtained, 
and these represent the effective numbers of Be laid. Then, on the assumption 
that eggs are laid only during the first week of oviposition, a minimum value of r 
is estimated with (b). The equivalent egg number in the first week is cal- 
culated according to the appropriate table of weighting factors provided by 
Howe (1953), and finally the approximate value of r and of 4 is found. 

For example, calculation of the rate of increase of the mite at a relative 
humidity of 70 per cent was worked out as follows. Only the first seven 
weeks of c~iposition were considered, because any later oviposition contributed 
little-to the rate of increase. The weekly oviposition rate shown in Table Il 
for that period, when corrected for mortality and sex ratio, gave an effective 
egg output per female of 7.4, 5.6, 5.4, 3.8, 3.0, 1.6, and 0.8 respectively. At a 
first estimation, r = (In 7.4) / 3.8, or approximately 0.5 The equivalent egg 
number in the first week was calculated with the appropriate table of weighting 
coefficients for that value of r, as (7.4 x 41) + (5.6 x 24) + (5.4 x 15) + 
(3.8 x 9) + (3.0 x 6) + (1.6 x 3) + (08 x 2) /41 = 14.1. Thus r = 
(In 14.1)/3.8 or 0.696, and A = 2.01 at that humidity. 

The same procedure was followed to calculate the rates of increase of the 
mite at the other humidities. But, as the oviposition period was relatively 
short at 90 and 100 per cent relative humidity, only the first five weeks of egg- 
laying were considered. The approximate value of r found in this way was 
1.209, 1.454, and 1.182 at relative humidities of 80, 90, and 100 per cent res- 
pectively, and the corresponding values of 4 were 3.35, 4.28, and 3.26. There- 
fore, populations of T. castellanii approximately double each week at 70 per 
cent relative humidity, whereas they more than quadruple at 90 per cent. On 
the other hand, populations increase at nearly the same rates at relative humidities 
of 80 and 100 per cent, when they multiply 3.35 and 3.26 times per week res- 
pectively. Consequently an increase in relative humidity up to 90 per cent 
favours a rapid multiplication of the mites. 


Summary 

When a grain-infesting mite, Tyrophagus castellanii (Hirst), was reared on 
a mould culture, Aspergillus sp., at a constant temperature of 77°F. and relative 
humidities of 70, 80, 90, and 100 per cent, the preoviposition period lasted 
three, two, two, and two days respectively; the oviposition period lasted 36, 33, 
24, and 23 days; and the total adult life of the female was 43, 38, 29, and 28 
days. The intrinsic rate of increase was 0.696, 1.209, 1.454, and 1.182, per week, 
the finite rate of increase was approximately 2.01, 3.35, 4.28, and 3.26. Mating 
was essential for production of =ggs, and frequent copulation was essential for 
maintenance of a normal oviposition rate. 
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Humidity Reactions of Melanoplus bivittatus (Say) and Camnula 
pellucida (Seudd.) (Orthoptera, Acrididae): Reactions of 
Normal Grasshoppers’ 


By P. Wm. Rtecert?® 
Entomology Section 
Canada Department of Agriculture Research Laboratory 
Saskatoon, Sask. 


Nymphs of the clear-winged grasshopper, Camnula pellucida (Scudd.) have 


been observed to evacuate local habitats by marching (11). Except for a few 
stragglers, apparently all occupants of the habitat moved in the same direction. 
Rarely, if ever, did these marches continue for more than 300 yards in one 
direction, nor did the insects show much tendency to maintain identity as a 
band; nevertheless, the capacity of this species to march was clearly shown. The 
marches always occurred during the day and when the temperature was above 
20°C. (8). In all recorded cases the nymphs moved into a cooler and more 
humid area. The author has not observed, or received reports of, instances of 
marching in the comparatively sluggish two-striped grasshopper, Melanoplus 
bivittatus (Say). 

Temperature is known to play a dominant role in the behaviour of locusts 
and grasshoppers (2, 6, 7, 8, 16), but no information on the basic reactions of 
North American Acrididae to humidity has been reported. This paper deals 
with the reactions of C. pellucida and M. bivittatus to humidity in the laboratory: 
their ability to distinguish between small differences in relative humidity; their 
humidity preferences; and the manner in which they react to humidity. 


Materials and Methods 

Laboratory-reared nymphs and adults of C. pellucida and M. bivittatus were 
used as test animals. Eggs were collected in the field and nymphs were reared, 
as outlined by Smith (14), in a room maintained at 30 + 0.5°C. and 40 + 1 per 
cent relative humidity. 

Al! tests were conducted with a Venturi type of olfactometer slightly modi- 
fied from that described by Willis and Roth (17), Sheet cdaas acetate 
was used to construct the exhaust port, the cage, and the influent ports. The 
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latter were built with a common straight wall between the ports to eliminate 
the double-triangular space created by the use of Buchner funnels (17, Figs. | 
& 2). The ammonium chloride smoke test revealed no visible mixing of the air 
streams from the two ports; apparently there was no transitional humidity zone 
within the cage. 

Air was humidified by passing it through sulfuric acid solutions of required 
density (15) or was dried over calcium chloride before being passed through 
the cage at 5.0 litres per minute. The air flowed past the grasshoppers in the 
cage at a speed of 2.2 cm. per second. All tests were carried out at 27 + 
lg 

Nymphs of each of the five instars and adults of both sexes of each species 
were exposed to the following pairs of relative humidities: 0 and each of 0, 5, 15, 
30, 45, 60, and 75 per cent; and 90 and each of 90, 85, 75, 60, 45, 30, 15, and 0 
per cent. The test procedure duplicated that cf Willis and Roth (17). Five 
replicates, each consisting of 20 nymphs of mixed sexes or ten adults of one sex, 
none of which had been tested previously, were exposed to each pair of humidi- 
ties. Twenty observations of the distribution of the grasshoppers in the cage 
in relation to the two humidified air streams were made at one-minute intervals; 
the air streams were interchanged so that each flowed through the opposite half 
of the cage after the tenth observation. For each pair of humidities tested, 
2000 position records were obtained for each nymphal stage and 1000 for 
adults. 

The index used to express the intensity of the reaction was calculated from 
100 (D-W) 

N 


drier side; W’, the number on the wetter side; and N, the total number of ob- 
servations. The index values extended from + 100 to — 100; 0 per cent 
indicated no reaction; a positive index indicated a preference for the lower 
humidity; and a negative value, a preference for the higher humidity. 


(1, 17), in which D was the number of position records on the 


The influence of humidity on locomotory activity of adult grasshoppers 
was determined with an actograph (3). An atmosphere of 0 per cent relative 
humidity was created by placing calcium chloride below the false bottom on 
which the insects rested; one of 100 per cent, by substituting distilled water for 
the drying agent. All actograph experiments were carried out in complete 
darkness at room temperature, approximately 25°C. 


Results and Discussion 
Table 1 indicates that nymphs of each instar and adults of both sexes pre- 
ferred the drier of each pair of humidities. This dry preference is not ex- 
ceptional; nymphs and adults of Locusta migratoria migratorioides (R. & F.) 
(6), adults of Blatta orientalis L. (5), and adults of six species of Tribolium 
(12, 13) reacted similarly. 


The intensity of the dry reaction of C. pellucida increased, as a rule, as the 
difference between the alternative humidities increased. For example, the mean 
index of reaction of all stages was 41 per cent when the alternative humidities 
differed by 90 per cent relative humidity, but was not more than 15 per cent 
when they differed by 5 per cent relative humidity. Tribolium castaneum 
(Hbst.) (17) and L. m. migratorioides (6) were reported to react <i: ilarly. 
M. bivittatus, on the other hand, showed a fairly constant intensity of reaction 
to all pairs of humidities except where the alternatives differed by 5 per cent 
relative humidity. In these instances the index was significantly lower than 
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TABLE | 
Indexes of Reaction of C. pellucida (upper one of each pair) 
and M. bivittatus (lower) to differences in humidity 


| a 

Alternative 
relative | Instar female 

humidities | 3rd adults adults 








—.241.5 |—.8+1. 
-€t1. 21. 


242. 
341. 


12+3. 
15+2. 
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—1+1. 
| .2+0. 


11+3. 10+2. 
10+2. 6+2. 


11+2. 
15+2. 


19+5. 16+4. 
942. 1342. 


22+3. 184. 
16+2. 1142 


21+1. 
22+6. 


2743. 
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2343.9 | 2846. 
19+3. 20+3. 
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*Standard deviation. 


when the alternative humidities differed by 15 or more per cent. The mean 
indexes of reaction of all the stages to small differences in relative humidity 
were as follows: 

Species C. pellucida M. bivittatus 

0 and 5 per cent 10.4 + 3.0 11.3 + 2.5 

85 and 90 per cent 15.0 + 2.9 10.7 + 2.3 


On the basis of the standard deviations, the indexes at the low end of the humi- 
dity scale were not significantly different from those at the high end, thereby 
indicating that the intensity of the dry reaction was not a function of the higher 
humidity. The converse was true for T. castaneum, which distinguished weak- 
ly (index ='9 per cent) between 0 and 5 per cent relative humidity and strongly 
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TABLE II 


Percentage of time two species of grasshoppers were active at 0 and at 100 per cent 
relative humidities during one hour in an actograph 








M. bivittatus C. pellucida 





Male Male Female 





Number of tests 26 20 
0% R.H. | 
100% R.H. 


Difference necessary for significance 
at 1% level 








*Significant at the 5% level. 


(index = 58 per cent) between 95 and 100 per cent (17.) Drosophila melano- 
gaster Meig. distinguished differences of 3 per cent at the moist end of the 
humidity scale (9). 

The movements of individual specimens in relation to the two humidity 
zones in the olfactometer were observed and recorded. Fig. 1 shows the path 
of a fourth-instar nymph during a three-minute period. Passage to the drier 
half of the cage was usually uninterrupted and often involved a quick move- 
ment such as a hop. When about to enter the moister zone, the grasshopper 
usually paused at the boundary, extended and waved its antennae, and then 
backed up. The amount of turning was also greatest when the insect attempted 
to enter the wetter zone. This suggested ortho- and klino-kinetic reactions 
to humidity, similar to those ascribed to L. m. migratorioides by Kennedy (6). 
C. pellucida exhibited pronounced avoiding reactions when confronted with 
the higher humidities. However, when in a moist zone adults and nymphs of 
both species usually wandered at random until a drier zone was encountered. 
Kennedy (6) reported a similar non-oriented movement of L. m. migratorioides. 
In almost every test a few individuals showed no response to differences in humi- 
dity; they wandered very little or remained stationary in the cage. 








Fig. 1. Path of a fourth-instar nymph of C. pellucida during three minutes in the cage 
of the olfactometer: broken line, a jump; heavy solid line, backing up. The dotted line 
through the centre of the cage represents the boundary between the pair of humidities. 
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The actograph experiments showed that the insects were much more active 
in the moist than in the dry air (Table II). The great difference between the 
activity in moist air and that in dry air suggested that humidity plays an im- 
portant part in the kinetic activity of these insects. The moist air elicited a 
positive hygro-kinetic response, or an increase in random movement. After 
12 to 14 hours this response was not evident, presumably because the insects had 
become conditioned to the moist air. 

The reaction of grasshoppers to humidity is probably composed of two basic 
responses: first, an ortho- and klino-kinetic response, inducing the insects to move; 
and second, a klino-tactic response, promoting directional movement out of the 
moister and into the drier area. When the grasshoppers are in a dry environ- 
ment, the kinetic reactions are suppressed and the insects are retained there 
hygrophobotactically. The two responses, acting simultaneously, result in a 
concentration of the insects in the drier habitats and promote movement from 
the moister ones. 

The preference of C. pellucida for the drier air appears to conflict with 
the observed behaviour of this species during a mass movement in the field. 
Records indicated that the grasshoppers moved from an area of lower to one 
of higher relative humidity (11). However, the higher relative humidity at 
the end of the march was associated with a cooler temperature so that the vapour 
pressure of water in the air was approximately the same in all habitats traversed 
by the marching band. Therefore one may assume that temperature is the 
dominant stimulus during a march, and that the preference of the grasshoppers 
for drier air is subservient to it. 


Summary 

In a Venturi type of olfactometer, normal, unstarved nymphs and adults 
of Melanoplus bivittatus (Say) and of Camnula pellucida (Scudd.) preferred 
the drier of each of the various pairs of humidities covering the whole range 
of relative humidity. The intensity of the dry reaction of C. pellucida in- 
creased directly as the difference between alternative humidities increased. M. 
bivittatus showed an almost uniform intensity of reaction regardless of the differ- 
ence between humidities that differed by as little as 5 per cent relative humidity, 
both at the low and at the high end of the humidity scale. 


The basic reaction to humidity apparently comprised two types of re- 
sponses: (1) an ortho- and klino-kinetic response, which increased random 
movement in a moist environment; and (2) a klino-tactic response, essentially 
hygro-phobotactic, which induced movement away from the moist environment. 
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Note on Rhabdopterus praetextus (Say) (Coleoptera: 
Chrysomelidae) as an Apple Pest in Quebec’ 
By R. QO. Parapis* 


Crop Insect Section, Science Service Laboratory 
St. Jean, Que. 


In June of 1955 and 1956 a chrysomelid beetle was observed feeding on 
Duchess and Fameuse apple trees, wild grape, Vitis vulpina L., and red osier, 
Cornus stolonifera Michx., in an apple orchard at St. Jacques, Laprairie County, 
Que. The infestation was limited to approximately 100 apple trees in this 
orchard and the insect was not observed in other NE pists | districts of 


southwestern Quebec. Specimens of the pest were identified as of Rhabdopterus 
praetextus (Say) by Mr. W. J. Brown, Entomology Division, Ottawa. In- 
festations by this pest on apple in the province of Quebec have only once before 
been reported, by C. E. Petch in 1924 (Petch, 1925). 


The beetles, all adults, caused 15 to 30 per cent damage to the fruit and 
leaves respectively of both apple varieties in 1955 and slight damage on both 
fruit and leaves in 1956. On wild grape and red osier, the damage, limited to 
the leaves, was for both hosts 50 per cent in 1955, and 20 per cent in 1956. On 
apples (Fig. 1) feeding scars were restricted to the epidermis layer, which the 
beetle removed in neat, irregular strips from all parts of the fruit. On the 
leaves of apple (Fig. 2), wild grape (Fig. 3), and red osier (Fig. 4), the damage 

1Contribution No. 3863, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
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Figs. 1-4. Feeding injury by R. praetextus. 1, On apples. 2, On apple leaves. 3, On 
wild-grape leaves. 4, On red-osier leaves. 


was identical in design to that observed on apples, and resulted from the removal 
of all leaf tissue in the areas of feeding. Damaged leaves had a lace-like appear- 


ance. The adults fed from mid-June to mid-July, when they left the trees. 


In 1924, Petch (1925) observed leaf and fruit damage by a chrysomelid 
beetle, similar to that reported here, on Duchess apple at Rougemont, Que. 
The beetle was then identified by Dr. A. Gibson of the Entomology Division, 
Ottawa, as Rhabdopterus picipes (Oliv.). Barber (1943) showed that a number 
of species of Rhabdopterus were confused under R. picipes and Mr. W. J. Brown 
(in litt.) states that R. picipes probably does not occur in Canada. A check of 
Petch’s specimens by Dr. E. C. Becker, Entomology Division, Ottawa, revealed 
the species collected from the 1924 infestation to be R. praetextus and not R. 
picipes. 
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Some New Braconidae (Hymenoptera)* 
By W. R. M. Mason? 


Insect Systematics and Biological Control Unit 
Entomology Division, Ortawa, Canada 


The following new species are described to make names available for 
publications by other entomologists. 


Apanteles salalicus n.sp. 

This keys to couplet 72 or 74 in Muesebeck’s revision (Proc. U.S. Natl. Mus. 
58: 483-576, 1921.) but differs from both species there in its solitary habits, 
strongly exserted ovipositor sheaths, large and acutely pointed hypopygium, 
elevated and very coarsely sculptured abdominal tergites, and yellow hind coxae. 

Holotype, ?.—Length 2.3 mm. Antenna (2.6 mm.) slightly longer than 
body, of uniform width to apex; second flagellar joint four times as long as wide, 
thirteenth twice as long as wide. 

Mesonotal punctures of moderate size and nearly contiguous, becoming 
shallow posteriorly; caudal 0.1 of mesonotum shining and impunctate but hairy; 
prescutellar scrobe thin and sharp, strongly convex anteriorly; scutellum in same 
plane as mesoscutum, only slightly convex and finely, very shallowly, punctate. 
Propodeum shining and punctate anteriorly, shining and rugose posteriorly; 
two series of ridges conv erging from either side to petiolar insertion, their apices 
more or less connected by a series of transverse ridges; posterolateral areas weakly 
and irregularly sculptured (Fig. 13). 

Redius about 0.8 times as long as intercubitus, the two veins meeting 
through a curve at about 30°; nervellus slightly convex outwardly, slanting 
strongly inward posteriorly. Hind coxa smooth and polished on the outer 
face but hairy, outer dorso-basal area flattened and closely punctate basally; inner 
hind-tibial spur half as long as basitarsus, outer spur 0.7 times as long as inner. 

First tergite long, narrowing toward apex, sides straight; length 2.9 times 
width of apex, which is 0.6 times as wide as base; basal half longitudinally 
aciculate, apical half strongly rugulose; strongly arched longitudinally with 
apical half arched transversely and elevated above membranous lateral margins, 
which are as wide as first tergite at its apex. Second tergite subtriangular, as 
long as basal width; apex ?.5 times as wide as base; lateral margins rather in- 
definite, with a central projection; surface entirely strongly rugulose, more finely 
so basally. Third tergite i.3 times as long as second; surface shining, vaguely 
roughened at extreme base, central basal third longitudinally aciculate (Fig. 14). 
Remainder of abdominal tergites together about as long as third. Hypopygium 
triangular and large in lateral view, apex slightly exceeding abdomen, lower 
margin about balf as long as abdomen, neither striate nor sharply folded (Fig. 
2). Ovipositor sheath as long as petiole, broad and decurved, gradually widen- 
ing to near apex, which bears an acutely pointed appendage (Fig. 1). 

Black; the following parts yellow: clypeus, mouth parts, tegula, all wing 
veins, basal half of abdomen below and membranous dorsal margins of first and 
second tergites; sides of third tergite brownish behind; antenna brown; legs en- 
tirely yellow except darkened extreme base of hind coxa and brownish apices 
of hind tibia and tarsomeres. 

Male.—Unknown. 

Variation.—Very little in the two series available. 
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Figs. 1-2. Apanteles salalicus n.sp. 1, ovipositor; 2, hypopygium. 


Cocoons.—Solitary; similar to those of A. ornigis (Weed). Long-ellipsoidal; 
acuminate at both ends and attached at both these points by a long silken cord; 
surface smooth and with no loose silk; colour white with a translucent band oc- 
cupying the median third. 

Host.—Leaf-mining lepidopterous larva Lithocelletis gaultheriella W\shm. 
on salal (Gaultheria shallon Pursh.). 

Specimens Seen.—28 2 ¢. 

Holotype; Female, Waldport, Oregon, August 6, 1953, R. G. Rosensteil, 
reared from Lithocelletis gaultheriella on salal (United States National Museum 
No. 64,302). 

Paratypes: OREG., 17 2 2, same data as holotype (U.S.N.M. and C.N.C.); 
102 9, same data as holotype but July 7, 1946 (U.S.N.M. and C.N.C.). 


Apanteles salicifoliellae n.sp. 
Apanteles n.sp. No. 74, Martin, J. L., 1956. Canad. Ent. 88: 163. 

This keys to couplet 74 in Muesebeck’s revision and is very similar to A. 
salalicus Mason. It differs from that species by the first tergite having curved 
sides and being shorter and much less elevated above the membranous lateral 
margins and by the black coxae and abdominal venter. 


Figs. 3-4. Apanteles salicifoliellae n.sp. 3, ovipositor, 4, hypopygium. 
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Both this species and the preceding one are closely related to A. ornigis 
Weed, having similar host preference, cocoons, and morphology. They both 
differ from ornigis by the narrow and apically tapering first tergite and strongly 
triangular second tergite. 

Holotype,? .—Length 1.8 mm. Antennae as long as body (1.8 mm.), of 
uniform width to apex; second flagellar joint 3.5 times as long as wide, thirteenth 
twice as long as wide. 

Mesonotal punctures of moderate size and nearly contiguous, becoming 
shallow posteriorly; caudal 0.1 shining and impunctate but hairy; prescutellar 
scrobe thin and sharp, strongly convex anteriorly; scutellum in same plane as 
mesoscutum, only slightly convex and covered with dense but very shallow 
punctures. Propodeum strongly shining, rugoso-punctate in anterior corners, 
the remainder obscurely weakly rugose; a poorly defined series of transverse 
ridges in central area, two poorly defined series of ridges converging on petiolar 
insertion (Fig. 15). 

Radius about 0.7 times as long as intercubitus, the two veins meeting at 
about 40°; nervellus slightly convex outwardly, slanting strongly inward pos- 
teriorly. Hind coxa smooth and polished on ‘the outer face but hairy; dorso- 
basal area not flattened, but densely and shallowly punctate; inner hind tibial 
spur half as long as basitarsus, outer spur 0.65 times as long as inner. 


First tergite long and narrowing toward apex, sides slightly curved; length 
2.1 times width of apex, which is 0.7 times as wide as base; an irregular semi- 
circular carina, concave anteriorly, extending across center of tergite; anterior 
part shining and bearing concentric aciculations parallel to the central carina; 
posterior half strengly rugulose; strongly arched longitudinally, but little ele- 
vated above the membranous lateral margins, which are 0.8 times as wide as 
first tergite at its apex. Second tergite subtriangular, as long as its basal width; 
apex 2.5 times as wide as base; the rather indefinite lateral margins with a central 
projection; surface entirely rugulose; posterior margin weakly concave. Third 
tergite 1.2 times as long as second; surface shining, a small area centrally at base 
rugulo-aciculate (Fig. 16). Remainder of abdominal tergites together much 
longer than third. Hypopygium triangular in lateral view, apex not exceeding 
that of abdomen; lower margin about half as long as abdomen, not striate but 
sharply folded (Fig. 4). Ovipositor sheath as long as petiole, broad and de- 
curved, gradually widening to near apex, which bears an acutely pointed and 
acuminate appendage (Fig. 3). , 


Black; the following parts brown: clypeus, mouth parts, stigma, radius and 
intercubital veins, wing base, antennal flagellum below, and membranous latero- 
dorsal margins of abdomen; tegula and wing veins yellow; all coxae dark brown 
to black but yellowish at apices; all legs yellow except brown apices of hind 
and middle tibiae and hind and middle tarsi. Tibial spurs white. 


Alloty pe, § Similar to the holotype except that antenna is slightly thicker 
and 2.3 mm. long (1.3 times as long as body) and the second flagellar segment 
is only 2.5 times as long as wide; third tergite unsculptured. Colour like that 
of holoty pe except for darker legs as follows: all coxae completely dark brown 
to black, apex of middle tibia brown, hind leg beyond coxa brown except for 
the white tibial spurs. 

Variation.—Females: third tergite sometimes unsculptured; coxae occasion- 
ally dark to apices. 

Males: tergites sometimes broader or narrower than those of type, pro- 
podeum sometimes with no transverse ridges and very shiny. Middle femur, 
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Figs. 5-6. Apanteles laricellae n.sp. 5, ovipositor,; 6, hypopygium. 


especially top and bottom, and base of front femur usually brown; antenna often 
completely black. 

Cocoon.—Similar to that of A. salalicus except that it is entirely translucent 
(sometimes small apical areas are whitish). 

Host.—Lepidopterous leaf miner Lithocolletis salicifoliella Cham. on aspen 
(Populus tremuloides Michx.). 

Specimens Seen.—6 4 8, 82 @. 

Holotype: Female, Port Arthur district, Ontario, Aug. 4, 1951, L. A. 
Lyons, reared from Lithocolletis salicifoliella under F.1.S. no. $51-4451-01-1 (Can- 
adian National Collection No. 6698). 

Allotype: Male, same data as holotype (C.N.C.). 

Paratypes: ONT., ? , same data as holotype (C.N.C.); 5 3 é, Sault Ste. Marie 
district, July 31 to Aug. 5, 69 9, Aug. 2 to 5, 1954, J. L. Martin, reared from 
L. salicifoliella (C.N.C. and U.S.N.M.). 


Apanteles laricellae n.sp. 
Keys to 77 or 81 in Muesebeck’s revision but bears little resemblance to the 
species there. It differs from A. feltiae Mues. by the much larger second tergite, 





Figs. 7-8. Apanteles enypiae n.sp. 7, ovipositor; 8, hypopygium. 
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thinner ovipositor sheaths and shorter antennae and from A. petrovae Walley 
by the shorter ovipositor, hypopygium and antennae. 


Holotype, 9 .—Length 2.2 mm. Antenna shorter than body (1.7 mm.), of 
uniform width to apex; second flagellar joint twice as long as wide, thirteenth 
slightly wider than long, apical joints submoniliform. 


Mesonotum shining, punctures small, shallow, contiguous anteriorly, becom- 
ing shallower and sparser posteriorly; prescutellar scrobe thin and sharp, but 
much broader and strongly foveolate medially, strongly convex anteriorly. 
Scutellum elevated slightly above plane of mesoscutum, weakly convex, finely, 
shallowly and sparsely punctate, strongly shining. Propodeum strongly shining, 
weakly and sparsely punctate antero-laterally, a series of short ridges converging 
on the petiolar insertion. 


Radius about 1.25 times as long as intercubitus, the two veins meeting 
through a curve at about 30 degrees, a prominent knob at their junction; 
nervellus slightly convex outwardly, slanting strongly inward posteriorly. Hind 
coxae smooth and polished on outer face but hairy; outer dorso-basal flattened 
area closely, strongly punctate; inner hind-tibial spur 0.45 times as long as 
basitarsus, outer spur as long as inner. 


First tergite long, narrowing toward apex, sides straight; length about three 
times width of apex, which is half as wide as base; basal half smooth and shining 
with a few punctures laterally, apical half rugulo-punctate, with a vaguely 
defined median depression; strongly arched longitudinally, only slightly elevated 
above numerous lateral margins which are as wide as first tergite at its ae 
Second tergite subtriangular; 1.25 times as long as its basal width, apex three 
times as wide as base; lateral margins sharply defined by narrow grooves; sur- 
face smooth, shining, and with a few hairs. Suturiform articulation thin and 
deep, weakly convex anteriorly. Third tergite 2.5 times as long as second; 
surface smooth and shining, moderately hairy. Remainder of abdominal tergites 
together about 1.5 times as long as third. Hypopygium comparatively small in 
lateral view, apex not exceeding that of abdomen, lower margin only about as 
long as third tergite, not obviously striate but sharply folded medially and 
acuminate at apex (Fig. 6). Ovipositor sheath as long as petiole, slightly de- 
curved, visible part of uniform width to apex which is rounded and without an 
appendage (Fig. 5). 

Black; the following parts yellowish brown: palpi, apical half of anterior 
femur, basal half and lower part of anterior tibia, extreme apices of middle and 
hind femora and extreme bases of middle and hind tibiae. Tibial spurs yellowish 
white. Stigma and wing veins brown, but wing base and tegula black, mem- 
braneous lateral margins of tergites 1 and 2 dark brown. Tarsi dark brown. 


Allotype, .—Resembling the holotype except as follows: length 1.6 mm., 
antenna (2.4 mm.) 1.5 times as long as body, apical joints only 0.8 times as wide 
as basal joints, both second and thirteenth joints about 2.7 times as wide as 
long, scutellum almost impunctate, first and second tergites slightly narrower 
and longer, apical half of first tergite only weakly rugulose. Colour like that 
of holotype except for the wings. Stigma, costal, marginal, and radial veins 
brown, other veins hyaline; microtrichia white, giving wing a milky appearance. 


V ariation.—Females; length 2 mm. to 2.2 mm., abdominal tergites occasionally 
slightly narrower, scutellum occasionally almost impunctate, hind femur often 
entirely black. 


Males: length 1.5 mm. to 1.9 mm., first tergite sometimes more coarsely 
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Figs. 9-12. Chelonus phaloniae nsp. 9, antenna of female; 10, antenna of male; 11, 
ovipositor, 12, hypopygium. 


rugulose than that of allotype, four posterior legs occasionally completely black 
to dark brown, stigma occasionally hyaline oe 
Cocoon.—None kept; perhaps concealed in tunnel of host. 


Host.—Terminal twig borer (Argyresthia laricella Kft.) on tamarack (Larix 
laricina Du Roi); one specimen said to have been reared from the larch case- 
bearer Coleophora laricella Hbn. 

Specimens Seen.—9 8 8, 822. 

Holotype: Female, Gillespie Settlement Road, Victoria Co., New Bruns- 


wick, June 10, 1957, reared from Argyresthia laricella Kft. under F.LS. no. 
57-0181-01 (Canadian National Collection No. 6699). 

Allotype: Male, same data as holotype (C.N.C.). 

Paratypes: N.B., ¢, Grand River, Madawaska Co., June 6, 1957; 2, Cold- 
stream, Carlton Co., June 7, 1957. ONT. 2 @ 4, Raith, June 16, 1956; @, Gross- 
mere, June 14, 1956; 9, Upsala, Aug. 9, 1956; 2, Dorchester, May 17, 1957; 4, 
@, Actinolite, May 15, 1957; 3 8 8, 2, Kemptville, May 21, 1957; 2, Arden, 
May 17, 1957; all reared by the Forest Insect Survey from A. lIariceilla. 9, 
Angus, May 20, 1946, reared from Coleophora laricella under F.1.S. no. 046-26 
(C.N.C. and U.S.N.M.). 


Apanteles enypiae n.sp. 


This keys to couplet 137 in Muesebeck’s revision but differs from A. argyn- 
nidis Riley strikingly in the character of the radial vein, which in argynnidis is 
strongly angled outward and meets the intercubital through a curve of about 
80°. In addition, argynnidis has yellow legs and antennae, a longer and pointed 
hypopygium, and the third tergite is as broadly or more broadly sculptured 
centrally than laterally. This species is closely related to the geometrid para- 
site A. acaudus (Prov.) but acaudus has an unsculptured third tergite and much 
shorter antennae. 

Holotype, ?.—Length 2.7 mm. Antennae (2.8 mm.) slightly longer than 
body, of uniform width to apex; second flagellar joint three times as long as 
wide, thirteenth twice as long as wide; apical joints fusiform. 

Mesonotal punctures of moderate size and shallow, but contiguous over all 
surface of mesonotum except sides and posterior margin, becoming shallower 
and sparser posteriorly; prescutellar scrobe broad and deep, convex anteriorly 
and strongly foveolate; scutellum higher than posterior margin of mesoscutum, 
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decidedly convex and covered wich shallow sparse punctures, which are 
separated by about their own diameter. Propodeum strongly rugose through- 
out, with a poorly defined median carina. 

Radius about 1.65 times as long as intercubitus, the two veins meeting at 
about 35°; stigma rather deep, almost twice as long as wide; nervellus straight, 
slanting strongly inward posteriorly. Hind coxa smooth and polished, but 
hairy, surface slightly irregular and giving bluish reflections; dorso-basal area 
flattened, deeply, but not densely, punctate; inner hind-tibial spur 0.6 times as 
long as basitarsus, outer spur 0.85 times as long as inner. 

First tergite broadening toward apex, sides bulging slightly in posterior 
half; length only slightly more than width of apex, which is about one and 
two-thirds times as wide as base; anterior part smooth and shining with a few 
vague longitudinal aciculations at the sides; posterior half rugulo-aciculo-punc- 
tate; weakly transversely arched, posterior corners depressed; membranous lateral 
margins less than 0.1 times as wide as first tergite at its apex. Second tergite 
subrectangular, slightly broader posteriorly, its length two-thirds apical width 
of first tergite; width of apex 1.4 times apical width of first tergite; surface 
completely rugose; posterior margin straight, suture broad and shallow with a 
few foveolations. Third tergite as long as second; smooth and shining, ir- 
regular to weakly rugulose in laterobasal quarters. Remaining tergites as long 
as second and third together. Hypopygium truncate apically, ending well before 
apex of abdomen; lower margin not folded, less than half as long as abdomen 
(Fig. 8). Ovipositor sheath scarcely exserted, decurved, gradually tapering to 
a round apex bearing an obtuse appendage (Fig. 7). 

Black; the following parts yellowish: clypeus, mouth parts, basal two or 
three segments of abdomen below, membranous lateral margins. Tegula and 
wing base black, veins and stigma brown, the latter slightly paler in basal quarter. 
All coxae black, remainder of legs yellow except the following brown areas: 
apical third of hind femur and tibia, all hind tarsus except basal half of basi- 
tarsus, apical joints of four anterior tarsi; wings infumated, especially apically. 

Allotype, &.—Resembling the holotype except in the following details: 
antenna (3.0 mm.) longer than body, apical joints only 0.6 times as wide as 
basal joints, second flagellar joint twice as long as wide, thirteenth joint three 
times as long as wide, not fusiform. 

Variation.—Negligible in the material available. 

Cocoon.—Gregarious, in broods of 6-18, averaging 13; long-ellipsoidal; pale 
greenish white; with considerable loose silk; spun in ones and twos near but 
not on the body of the host. 

Host.-The Douglas fir and hemlock feeding geometrid Enypia venata 
Grote. 

Specimens Seen—6 8 6, 172 9. 

Holotype: Female, Powell Lake, British Columbia, May 1, 1952, reared from 
Enypia venaita Grote under F.I.S. no. P51-2485 (Canadian National Collection 
No. 6700). 

Allotype: Male, same data as for holotype (C.N.C.). 

Paratypes: B.C., 2 8 ¢, Tlowils Lake, near Kelsey Bay, July 30, 1952; ¢, 
Campbell River, May 23, 1952; 28 ¢, Mount Maxwell Park, Saltspring Island, 
July 3, 1951; 6,59 @, Galiano Island, June 29, 1951; 3 @ 2, Jordan River, May 
28, 1952; 7 @ 2, Mad River, near McMurphy, June 14, 1950; all reared from 
Enypia venata by Forest Insect Survey (C.N.C. and U.S.N.M.). 
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Figs. 13-14. Apanteles salalicus n.sp. 13, propodeum; 14, tergites 1-3. 
Figs. 15-16. Apanteles salicifoliellae n.sp. 15, propodeum; 16, tergites 1-3. 


Chelonus phaloniae n.sp. 

This species is a parasite of Phalonia hospes (Walshm.), a moth attacking sun- 
flower heads, but differs from Chelonus altitudinis Vier., which has been reared 
from a similar host (Homoeosoma electellum Hulst, the banded sunflower moth). 
Mr. C. F. W. Muesebeck, W ashington, kindly compared specimens of this 
species with C. altitudinis and stated (in litt.), “C. altitudinis is really a very 
different species. It differs noticeably in habitus and in many details including 
much more slender female antennae and a flat polished scutellum.” 

Holotype, 2° .—Length 3.5 mm. Head transverse, twice as wide as long in 
dorsal aspect; cheek 1.2 times as wide as eye in lateral aspect; face 0.6 times as 
wide as head; head 1.25 times as wide as long from vertex to apex of clypeus; 
eyes not prominent, weakly divergent below; clypeus very weakly convex, about 
as long as wide, surface shining and finely, densely, punctate, the extreme apical 
third smooth and weakly recurv ed; face and malar space finely rugulose; cheeks 
and temples finely vertically aciculo-rugulose; vertex finely rugulose; frons 
transversely aciculate; antenna as in Fig. 9, two-thirds as long as body, face, 
clypeus, and cheeks with a moderately dense, decumbent, downwardly pointed, 
silvery pile. 

Thorax generally coarsely rugulose; mesonotum be.ring flat, finely rugulo- 
punctate, shining areas on lateral lobes and sides of central lobe; lateral margins, 
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notaulices, area of convergence, and centre of median lobe, very coarsely 
rugose; scutellum as long as wide, the central half elevated, shining, and finely 
punctato-rugose, laterally sharply depressed and rugoso-foveolate; side of meso- 
pleuron with weakly indicated longitudinal groove; propodeum rather short, the 
posterior declivity concave, the dorsal carinae forming two rather conspicuous 
teeth about half as large as the lateral teeth. 

Abdomen ovate; the surface almost uniformly aciculo-rugulose except at 
extreme apex, which is slightly more finely rugose; length 1.5 times width and 
2.2 times depth; apex of abdomen almost hemispherical; ventral cavity ovate, 
0.87 times as long as abdomen and with a complete but low recurved margin, 
which is not as high as depth of ovipositor sheath, ovipositor 0.44 times as long 
as abdomen, very weakly and uniformly curved upward (Fig. 11); hypopygium 
rounded and weakly sclerotized apically (Fig. 12). 

Dorsal surface of hind coxa diagonally aciculo-rugulose; hind tibia swollen, 
4.2 times as long as broad in lateral view, the dorsal surface convex throughout its 
lengch; inner hind-tibial spur longer than outer spur but not quite half as long as 
hind basitarsus. Stigma large; first and second abscissa of radius of equal length, 
meeting at about 120°. 

Colour black except for the following yellowish-brown parts of the legs: 
apices of front and middle femora, more o- less of front and middle tibiae and 
tarsi, basal half of hind tibia, four basal joints of all tarsi. Wing almost hyaline, 
only very slightly infuscated; stigma black, veins brown. 

Allotype.—Male, essentially similar to the holotype except in the following 
details: antenna 19-jointed, a little longer and slimmer (Fig. 10); shining and 
finely sculptured areas not present on central lobe of mesonotum; abdomen 
slightly shorter and less deep than that of female, 1.65 times es long as wide, 
*.5 times as long as deep, and the ventral cavity 0.83 times as long as the 
abdomen; hind femur and hind tibia slightly darker; wing almost uniformly 
infuscated, veins dark brown. 

V ariation.—Females; antennae 17- or 18-segmented; central part of scutellum 
sometimes almost as coarsely rugulose as the sides; colour of legs sometimes 
darker or lighter than in the type. 

Males; antennae 18- or 19-segmented; scutellum varying about as in the 
female but usually more irregular; colour of legs sometimes lighter or darker, 
as in females. 

Host.—A sunflower-head moth, Phalonia hospes (Walsingham). 

Specimens Seen.—33 8 8, 68 22. 

Holotype: Female, Morden, Manitoba, July 29, 1956, C. F. Barrett, collect- 
ed on sunflower (Canadian National Collection No. 6701). 

Allotype: Male, same data as holotype (C.N.C.). 

Paratypes: MAN., 9 8 6, 50 @ 9, same data as holotype (C.N.C. and 
U.S.N.M.); Altona, July 24- August 7, 1951-53, collected on sunflower, C. F. 
Barrett (C.N.C.); 9 8 8, 10 2 9, Altona, various dates from May 9 to Sept. 
2, 1950-51, reared from P. hospes by C. F. Barrett and P. H. Westdal (C.N.C.); 
é, Winkler, Aug. 10, 1950, C. F. Barrett (C.N.C.). 


Summary 
Five new species of Braconidae are described to make names available for 
publications by economic entomologists. The names are: Apanteles salalicus, A. 
salicifoliellae, A. laricellae, A. enypiae, and Chelonus phaloniae. 


(Received November 5, 1958) 
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A Revision of the Genus Ephemerella 
(Ephemeroptera: Ephemerellidae ) 
I. The Subgenus Timpanoga 


By Ricnarp K. ALLEN AND Georce F, Epmunps, Jr.’ 
University of Utah 


Subgenus Timpanoga Needham 
1927—Needham — Ann. Ent. Soc. Amer., 20: 108. 
1935—Traver — Biol. Mayflies, 565 (becuba group). 
1954—Edmunds and Traver — Proc. Ent. Soc. Wash., 56: 238. 
1954—Demoulin — Bull. Ann. Soc. Ent. Belg., 90: 324. 

The subgenus Timpanoga of the genus Ephemerella contains but a single 
species, Ephemerella hecuba Eaton. Needham (1927) derived the name for t!iis 
subgenus from Mt. Timpanogos in north central Utah, after collecting speci- 
mens of Ephemerella hecuba in the nearby Provo River. He based the subgenus 
on the nymph which shows remarkable morphological distinction with its broad 
entire frontal shelf and its extremely flattened body. 

The subgenus may be characterized in the adult stages by (1) the retention 
of vestiges of the nymphal gills on abdominal segments four to seven, (2) the well 
developed postero-lateral projections on segments eight to nine, and (3) type of 
male genitalia (Fig. 4). The nygnphal stages (Fig. 1) are characterized by (1) 
having gills on abdominal segments four to seven only, gill four operculate, (2) 
having a broad entire frontal shelf on the head, (3) having a wide, flat body, the 
width of the fifth abdominal segment being from 2/3 to 3/4 as long as entire 
abdomen, and (4) having femora prolonged apically into an acute spine. 


Ephemerella (Timpanoga) hecuba (Eaton) 

There is some confusion concerning the authorship of this species. Eaton 
(1884:33) placed the nymph of this species as Ephemerella, sedis incertae, nymph 
No. 4; however, in his figures (Pl. 40) he cites the name “Ephemera hecuba 
Hagen,” which he refers to as a misapplied name. The authors find no published 
description by Hagen so the authorship is given to Eaton. 

Male imago. Length: body 12-15; wing 12-14 mm. 

Head light gray, smoky at base of ocelli; antennae yellow brown; upper portion 
of eye orange, lower portion gray. Prothorax pale, the pronotum yellow brown 
with smoky markings; mesonotum yellow brown, medium brown between the 
inner parapsidal furrows anterior to the transverse mesonotal groove and on the 
scutellum; metanotum medium brown, pleurae largely pale with some brown 
sclerites, especially the mesepisternum; thoracic sternum pale, furcisternal plates 
light brown, a dark stripe along the anterior margin of the mesosternum. Fore- 
legs medium brown, the base of the femora and the tarsi paler; middle and hind 
legs yellow brown; basal tarsal segment medium brown. Wings hyaline, clouded 
along the costal margin; venation medium brown. Tergites smoky brown to 
reddish brown, the anterior and posterior margins pale; near the pleural margin 
is a pale spot surrounded by an irregular darker marking; a broad pale median 
stripe present; pleural fold with a fuscous stripe attaining neither the anterior 
nor posterior margins of the segment. Sternites with a broad reddish irregular 
transverse stripe arising from the middle of the pleural margin of ach sternite 
and arching forward to near the anterior margin, if extensive this reddish stripe 
may have a pair of oblique pale paramedian patches and a pair of pale submedian 
Rewarch Fund aud the Netioucl Seters Pomedstion (NST meLay Tin, fim, the University. of Utah 


C. Day for contributing specimens and data and Mr. David I. Rasmussen for assistance in preparing the 
plates for this paper. 
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phemerella hecuba pacifica n. subsp., dorsal view of paratopotype é nymph. 
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Figs. 2-3. Ephemerella hecuba hecuba (from Grande Ronde River, Oregon); Fig. 2, 
forewing of 2 subimago; Fig. 3, hindwing of 2 subimago. Fig. 4, Ephemerella hecuba 
subsp. ?, genitalia of $ imago (from Scott River, Northern California). Fig. 5, Ephemerella 
becuba hecuba, abdominal tergites 3-4 (John Day, Oregon). Figs. 6-15. Ephemerella hecuba 
pacifica: Fig. 6, abdominal tergites 3-4 (from Alsea River, Five Rivers Area, Oregon); Fig. 7, 
abdominal tergites 3-4 (from Cummins Cr., near Neptune State Park, Oregon, Figs. 8-15 also 
from same series); Fig. 8, dorsal view left mandible; Fig. 9, dorsal view right mandible; Fig. 
10, claw of right foreleg; Fig. 11, labrum; Fig. 12, first gill; Fig. 13, fourth gill; Fig. 14, 
labium, dorsal and ventral; Fig. 15, maxilla. 
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spots within it; segments eight and nine with large postero-lateral projections, 
segments four to seven with irregular twisted projections. Genitalia as in Fig. 
4. Cerci and terminal filament dark brown at base, becoming paler distally. 


Female imago. Length: body 12-15; wing 12-15 mm. 
Similar to male except for usual sexual differences. All legs similar to middle 
and hind legs of male. Abdominal markings less conspicuous than in male. 
Apex of subanal plate rounded. 


Mature nymph. Length: body 12-15; caudal filaments 5-7.5 mm. 
General color variable, light brown to medium brown. Head light brown and 
hairy, subquadrate in shape, and widest across the frontal shelf; antennae brown; 
eyes black. Pronotum widest at posterior margin; antero-lateral corner de- 
veloped into a spine; a short spine on each side near the middle of the lateral 
margin; paired sub-median spines near the posterior margin. Mesonotum without 
spines. Coxae and trochanters reddish with long hairs and spicules on anterior 
surface; femora broad and prolonged apically into an acute spine; anterior and 
posterior margins lined with long hairs and spicules, with spicules on dorsal 
surface; tibiae light brown with dark band near middle; anterior and posterior 
margins !ined with long hairs with a few spicules on dorsal surface; tarsi pale 
with wide dark band at proximal end and a dark spot on the distal end; claws 
dark and without denticles (Fig. 10). Abdomen extremely flattened, with or 
without paired spines on the tergites; lateral extensions prolonged into sharp 
sawtooth-like postero-lateral spines (Fig. 11), color reddish-brown with lateral 
extensions pale and tips of postero-lateral spines black. Sternites marked with 
wide reddish bands occupying the anterior half of the segment, postero-lateral 
spines two to nine with a wide dark oblique band. Cerci and terminal filament 
fringed with long hairs, color dark reddish-brown at base, paling distally, inter- 
rupted by a narrow dark basal band and a wide dark transverse band in the 
apical third. 

Type Locality. “Colorado” 

Type. Museum of Comparative Zoology, Cambridge, Massachusetts. 


After careful study of material from throughout the known range, we have 
divided the species into two subspecies, E. h. hecuba and E. bh. pacifica, new 
subspecies. The nymphs of the latter may be readily distinguished by the 
presence of paired dorsal abdominal spines, which are totally lacking in E. hb. 
hecuba. Where the ranges of the forms rheet in Oregon and California, the 
two races are seen to intergrade (see Fig. 16). The description of the nymph 
above is drawn from specimens of both races. 

Until such time as imagos of typical E. h. hecuba and E. h. pacifica have 
been reared or collected and compared, we are unable to say if the adults of the 
two races can be as easily distinguished as the nymphs. ‘The descriptions of 
the adults which we have given are of an intergrading population from the Scott 
River, Siskiyou County, Northern California, collected by W. C. Day. The 
description given by McDunnough (1935) applies to the imago of E. h. hecuba, 
but the description of adult E. h. pacifica by Shepherd (1929) applies to the 
subimago. 7 


Ephemerella (Timpanoga) hecuba hecuba Eaton 
1874—Hagen — Ann. Rept. U.S. Geol. & Geog. Surv. Terr., (1873): 582 (Heptagenia pudica 
Hagen, 1874, nec Hagen, 1861). 
1884—Eaton — Trans. Linn. Soc. London, Sec. Ser. Zool., 3: 133. (Nymph #4), Pl. XL, figs. 
1-17 (Ephemera hecuba Hagen). 
1905—Needham — N.Y. State Mus. Bull., 86: 46, 1 fig. (Ephemerella sp.). 
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1925—Lestage — Ann. Biol. Lacust., 13: 236, 287 (Ephemerella sp., larvae) 289, 1 fig 
(? Epbemerella sp.). 

1927—Needham — Ann. Ent. Soc. Amer., 20: 115. 

1927—Needham & Christenson — Utah Agric. Exp. Sta. Bull., 201: 9, 1 fig. 


1930—Walley — Canad. Ent., 62: 14, 1 fig. 
1935-McDunnough — Canad. Ent., 67: 99, 1 fig. (adult). 
1935—Traver — Biol. Mayflies, 602, 629, (nymph mec adult). 


1941—Spieth — Ann. Ent. Soc. Amer., 34: 87. 
1954—Edmunds — Proc. Utah Acad. Sci., Arts and Letters, 31: 66 


1956—Day — Aquatic Insects of Calif., 98, 1 fig. 
1956—Allen & Edmunds — Proc. Utah Acad. Sci., Arts and Letters, 33: 87 (in part). 


1957—Edmunds & Allen — Ann. Ent. Soc. Amer., 50: 322. 
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Nymph. The nymph of this race is distinguishable by the coi _ lete absence 
of paired abdominal spines on rhe abdominal tergites (Fig. 5). 


Distribution 

Ephemerella hecuba hecuba is an inland western form and known to range 
from the eastern slope of the Rocky Mountains to the eastern slope of the 
Cascades and Sierra Nevadas. It has been collected in suitable habitats from 
northern New Mexico to southern British Columbia and Alberta, Canada. It 
is known from every western state in the United States except Nevada and 
Arizona. It seems likely that this subspecies will eventually be collected in 
western Nevada and northern Arizona. We have examined specimens from the 
following localities; collections made by the authors are indicated by initials, 
GFE and RKA. The abbreviations for collections in which the specimens are 
located are as follows: Illinois State Natural History Survey (INHS); personal 
collection of Jay R. Traver (JRT); Oregon State College (OSC); University 
of Utah (UU); and personal collection of W. C. Day (WCD). 

California. Sierra Co., 4 mi. W. Sierra City on California Route No. 49, 
20-IX-1946, H. G. Nelson (INHS). Colorado. Gunnison Co., Gunnison River, 
lola, 16-VIII-1949, H. Higgins (UU); Larimer Co., Granby, Fraser River, 24- 
VII-1938, H. H. Ross and J. A. Ross (INHS); Big Thompson River, Estes Park, 
14-VIII-1940, T. H. Frison and T. H. Frison, Jr. (INHS). Idaho. Shoshone 
Co., Wallace, 3-IX-1949, S. and D. Mulaik (UU); Idaho Co., Salmon River at 
North Fork, 20-VIII-1949, L. T. Nielsen (UU); Franklin Co., Cub River, Maple- 
ton, 15 mi. NE Franklin, 12-VIII-1951, A. R. Gaufin (UU). Montana. Granite 
Co., W. Fk. Rock Creek, Phillipsburg, 27-VIII-1934, Tarzwell (INHS). New 
Mexico. San Miguel Co., Pecos River, 10 mi. above Pecos, 30-VII-1943 (JRT). 
Oregon. Clackamas Co., Salmon River, Mt. Hood National Forest, 15-VIII-1932, 
R. E. Dimick (OSC); Umatilla Co., Grande Ronde River, 6 mi. W. LaGrande, 
27-VIII-1954, GFE and RKA. (UU); Jackson Co., Rogue River near McLeod, 
24-VIII-1954, GFE and RKA (UU); Grant Co., Canyon Creek, John Day, 21- 
VIII-1954, GFE and RKA (UU); Silvies River near Bear Valley Rangers Station, 
21-VIII-1954, GFE and RKA (UU); Hood River Co., Hood River at Hood 
River, 27-VIII-1954, GFE and RKA (UU). Utah. Wasatch Co., Provo River 
at Midway, 24-VII-1949, W. A. Dunstan (UU); Summit Co., Weber River near 
Glendale Ranch, 19-VIII-1945, GFE (UU); San Juan Co., Abajo Mountains 
above Monticello, 24-VIII-1948, A. W. Grundmann (UU). Wyoming. Sublette 
Co., Snake River, 7 mi. E. Alpine, 8-IX-1957, GFE (UU); Green River, Big 
Piney, 9-IX-1949, H. Higgins (UU); Yellowstone National Park, Gibbon River, 
3 mi. N. Morris Jct., 21-VI-1949, GFE (UU); Teton Co., Cottonwood Creek, 
Grand Teton Nat'l Park, 5-VIII-1940, T. H. Frison and T. H. Frison, Jr. 
(INHS); Hoback, 13-VIII-1940, T. H. Frison and T. H. Frison, Jr. (INHS). 


Biology 

This subspecies is found at elevations between 1,400 and 7,000 feet. It 
usually inhabits large, clear or silted, moderately flowing warmer trout streams 
with rocky bottoms. The nymphs are found near the edge of the stream in 
slow currents crawling over rocks, boards and debris. The slow moving nymphs 
are extremely flattened and are always covered with a heavy coating of debris. 
In addition to these camouflage devices the nymphs have distinctive dark bands 
on the legs and lateral margins of the abdomen which break their outlines. Al- 
though the flattened form suggests an adaptation to current, the flattening is an- 
other adaptation for camouflage. Ephemerella h. hecuba has never been found 
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to be abundant at any particular locality. The nuptial flight has not been ob- 
served. 
Ephemerella (Timpanoga) hecuba pacifica n. subsp. 

1929—Shepherd — Canad. Ent., 61: 260, 16 figs. 
1935—McDunnough — Canad. Ent., 67: 99 (in disc. of E. b. becuba). 
1935—-Traver — Biol. Mayflies, 602 (adult, mec nymph). 
1956—Allen & Edmunds — Proc. Utah Acad. Sci., Arts and Letters, 33: 87 (in part). 

Nymph. The race is distinguished by the presence of paired abdominal 
spines on tergites one to eight (Fig. 1), distinct on tergites one to seven, much 
smaller on tergite eight. These abdominal spines are sharp pointed on specimens 
from the coastal streams of Oregon (Fig. 7), but forms from further inland 
in the coast range have the spines with blunted apices (Fig. 6). 


Holotype. Nymph. Cape Creek near Sealion Point, Lane Co., Oregon, 
25-VIII-1954, G. F. Edmunds, Jr., and R. K. Allen, in collection of University of 
Utah, Salt Lake City. Paratopotypes. 3 nymphs (UU). Paratypes. Cali- 
fornia. Mendocino Co., 1 nymph, Baechtel Creek, 3 mi. W. Willits, 15-VI-1948, 
H. B. Leech (UU). Oregon. Washington Co., 1 nymph, Wilson River, Glen- 
wood, 7-VII-1945, V. E. Shelford (INHS); Linn Co., 1 nymphal cast skin, San- 
tiam River, 8 mi. N. Albany, 26-VIII-1954, GFE and RKA (UU); Lincoln Co., 
2 nymphs, Alsea River, Five Rivers Area, 11-V-1940, W. E. Pitney (OSC); 1 
nymph, Five Rivers Area, 2-V-1940, O. Luelf (OSC); Benton Co., 1 nymph, 
Rock Creek, 18-IV-1945, C. R. Hess (OSC); Lane Co., 13 nymphs, Cummins 
Creek near Neptune State Park, 25-VIII-1954, GFE and RKA (UU); 1 nymph, 
Rock Creek near Heceta Head Lighthouse, 25-VIII-1954, GFE and RKA (UU); 
Curry Co., 1 nymph, Sixes River, Siskiyou Forest, 13-VII-1935, F. Zeisenhenne 
(UU). Washington. King Co., 1 nymph, Green River, 18-VIII-1939, B. L. 
Lambuth, in collection B. L. Lambuth. Some paratypes will be deposited in the 
collections of California Academy of Sciences, personal collection of J. R. 
Traver, Canadian National Collection, and University of Florida. 


Distribution 
Ephemerella becuba pacifica is known on the Pacific Coast from Palo Alto, 
California, to Seattle, Washington. It primarily inhabits the Coast Range but an 
interbreeding population is known from the east slope of the Sierra Nevada 
Mountains. Future collections may extend its range southward in California 
and north into British Columbia. 


Biology 

Ephemerella (Timpanoga) hecuba pacifica has been found in clear, rocky, 
moderate flowing streams from sea-level to about 1,400 feet. The nymphal 
habitat and habits are very similar to those of E. b. hecuba. The adults of both 
races emerge from July to September depending on locality. The eggs ap- 
parently hatch within a month. The nymphal life is therefore approximately 
11 months. 

Taxonomy 

In the coastal streams of Oregon, E. h. pacifica nymphs show development 
of sharp-pointed abdominal spines (Fig. 7), but in the streams further inland on 
the coast range the apices of spines are blunted (Fig. 6). Intergradation of the 
two subspecies undoubtedly occurs wherever suitable streams allow exchange of 
populations between the Coast Range and interior mountains. Collections from 
the Klamath region of Northern California and Southern Oregon show con- 
siderable intergradation. Of 12 specimens collected in the Rouge River at 
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Jackson Falls, Medford, Oregon, 17-VIII-1937 by Mote (OSC, UU), one speci- 
men totally lacked spines, nine specimens had weak spines and two specimens 
had well developed blunt spines. Of 34 specimens collected by Mr. W. C. Day 
in the Scott River, Roxbury, Siskiyou County, California, VIII-1949 (WCD), 
none totally lacked spines, 20 had only weak spines and 14 had well developed 
blunt spines. 

The range of the intergrading populations also extends along the eastern 
slope of the Sierra Nevada Mountains as seen in specimens collected by W. C. 
Day in the West Fork of the Carson River, 10 miles above Woodfords, Cali- 
fornia, VII-1949 (WCD). Of 23 nymphs, five totally lacked spines, 23 had 
wc k spines and 14 had well developed blunt spines. The writers collected 
four additional nymphs nearby (West Fork Carson River, 3 miles NE Wood- 
fords, California, 21-IX-1957 (UU)), of these, one totally lacked spines and 
three had weak spines. 

The population from the Sierra Nevada Range needs further study to deter- 
mine its origin and nature. Our record of E. bh. hecuba from near Sierra City 
is based on a single specimen, and hence its subspecific assignment has little 
value. Intergradation of E. h. hecuba and E. h. pacifica in the Sierras might be 
explained by any of three hypotheses: (1) migration across the central valley, (2) 
migration of the coastal form into the interior via the Tehachepi Mountains, 
or (3) the southward migration of the intergrading population from the Klamath 
region. Of our hypotheses, the first is highly improbable under present day 
conditions, and seems unlikely in the past. Of the remaining hypotheses our 
data favors the last named, but additional series from the Sierra Nevada are 
essential for a clarification of the problem. 
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A New Species of Isonychus Mannerheim from Southern Arizona 
(Coleoptera : Scarabaeidae)’ 


By Henry: F. Howpen ° 


Insect Systematics and Biological Control Unit 
Entomology Division, *Ottawa, Canada 


The genus Isonychus contains about 60 described species, largely from 
Central and South America. None have been recorded previously from the 
United States. The species described below from southern Arizona extends 
the known range of the genus about six or seven hundred miles northward. 


The genus is placed in the Macrodactylini and may be briefly characterized 
as follows: surfaces of vertex, pronotum, scutellum, and elytra covered with 
setae; elytra feebly striate; setal color pattern usually present on elytra; fore 
tibia bidentate; all tarsi with two claws, each of the latter cleft at tip and with 
a small basal tooth; one tibial spur on each fore leg, two spurs on each meso- 
thoracic leg in both sexes and two tibial spurs on each metathoracic leg of 
the female, spurs lacking or single on the metathoracic legs of the male; fore 
and middle coxae contiguous or very narrowly separated. 


Isonychus arizonensis new species 


Holotype: male, length 10.5 mm., greatest width 5.2 mm. Ground color 
tan to brown with head and ventral surfaces slightly darker than pronotum 
and elytra. Body covered with whitish setae, with definite areas of brownish 
setae on elytra. 

Clypeus feebly emarginate anteriorly, arcuate laterally, margin narrowly 
and evenly reflexed anteriorly and laterally. Clypeal disc nearly flat, moderately 
transversely ragose with scattered small tubercles, a minute seta arising at the 
base of each tubercle. Clypeal suture slightly smuate and impressed except 
medially. Frons and vertex mostly flat and in same plane as clypeus, the 
vertex becoming convex posteriorly. Frons and vertex with numerous, shallow 
punctures, separated by less than one diameter. Many punctures with stout, 
white, scalelike setae arising from their centers. Eye moderate in size, the 
canthus extending approximately one-third of distance to posterior margin of eye. 


Pronotum finely margined anteriorly and laterally; anterior angles acute, 
nearly forming right angles. Sides rather evenly arcuate and convergent an- 
teriorly. Surface of pronotum densely covered with stout, whitish, decumbent 
setae arising from small punctures; surface between punctures shining; a few 
long, erect setae along margins near anterior angles. 


Scutellum approximately as long as wide, covered with a dense mat of 
decumbent setae. Elytra each with ten shallow striae, intervals convex, except 
for second and fourth intervals which are nearly flat. Except for fine sutural 
lines, surface of elytra covered with decumbent, stout whitish and more slender 
brownish setae. Brownish setae of elytra forming a distinct pattern as illustrated 
in Fig. 1. Setae arising from small punctures, separated by more than one 
diameter; surface between punctures smooth, finely reticulate. No erect setae 
on elytral disc as there are in some species of the genus. 

Pygidium rather densely setate-punctate; most setae whitish and decumbent, 
but occasional scattered, pale-brown, erect setae are present, particularly near 
apex. Pygidium margined, with sides sinuate and apex broadly rounded. 

: 1Contribution No. 3867, Entomology Division, Science Service, Department of Agriculture, Ottawa, 
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Fig. 1. Dorsal view of holotype of Isonychus arizonensis new species. 


Labium nearly flat, impressed medially, with a mixture of scattered, fine, 
short and long setae, and with large punctures laterally and posteriorly. 
Antenna 9-segmented. Antennal club sparsely setate, and with mixed fine 
and coarse punctures. Club as long as the five adjacent segments. Prosternum 
nearly devoid of setae and punctures, carinate medially. Meso- and meta-sterna 
densely setigerously punctate; setae whitish, stout, and decumbent. Metasternum 
flattened medially, and very slightly impressed along midline. First five ab- 
dominal segments densely setigerously punctate, the sixth setigerously punctate 
only along apical margin. Segments two to five each with a line of large, 
widely separated, shallow punctures along anterior margin, each shallow punc- 
ture bearing an erect, slender seta. Posterior edge of last abdominal segment 
membranous, vaguely angulate medially, appearing arcuate, becoming obtusely 
angulate near lateral margins. 

Fore tibia bidentate, with whitish setae largely on basal half. Fore femur 
with scattered, slender, whitish setae on both anterior and posterior surfaces. 
Mesothoracic tibia constricted in lower third, with an inleadglens ring of spines 
and an irregular longitudinal row of three or four spines on outer surface above 
the ring of spines. Outer surface of tibia moderately setate-punctate, the inner 
surface with fewer and more elongate setae. Mesothoracic femur setate-punc- 
tate on outer surfaces. Metathoracic tibia with irregular circles of spines in 
upper and lower thirds, the outer surfaces more densely setate-punctate than 
flattened inner surface. Metathoracic femur setate-punctate on outer surfaces. 
Fore tarsus with a few inconspicuous setae, the middle and hind tarsi with more 
numerous, conspicuous, whitish setae. Tarsal claws similar on all legs, each 
distinctly cleft in outer third and with a small basal tooth. 

Male genitalia (Fig. 2) with symmetrical parameres. Parameres with 
smooth and finely punctate outer surfaces, the punctures most numerous 
basally. 
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Fig. 2. Male genitalia of Isonychus arizonensis new species. A, lateral view. B, frontal 
view. 


Female unknown. 


Type material: Holotype, male; Huachuca Mts., Arizona, July 20, 1936, 
J. N. Knull. In Ohio State University Collection. 

Isonychus arizonensis appears to be most closely related to Isonychus 
ocellatus Burmeister of central Mexico. It may be separated from I. ocellatus 
by its less rugose clypeus, more sparsely setate frons and vertex, lack of erect 
setae on elytra, more heavily setate-punctate pygidium, fewer spines on upper 
two-thirds of mesothoracic tibia, more strongly oval body shape, and shape of 
the male genitalia, which have the parameres less sinuate along upper margin. 
The parameres of |. arizonensis are more heavily punctate than those of I. 
ocellatus. 

Of the other species of Isonychus examined, none resembled arizonensis as 
closely as ocellatus. Most species are larger, and the elytral pattern is different. 
In addition, in these species the elytra usually have some erect setae and the 
genitalia are radically different. 


Acknowledgment 
I wish to thank Dr. J. N. Knull, Ohio State University, Columbus, Ohio, 
for giving me the opportunity of describing this very interesting species. 


(Received November 13, 1958) 





62 THE CANADIAN ENTOMOLOGIST January 1959 


An Entomogenous Fungus on Acmaeops proteus (Kby.) 
(Coleoptera: Cerambycidae )* 


By L. M. Garpiner anp D. M. MacLeop?* 


Records of diseases of Cerambycidae have appeared very infrequently in 
the literature. Crawshay (1907) described an unidentified disease of larvae of 
Tetropium gabrieli Weise. Garman (1921) and MacLeod (1954a) reported a 
fungus, Beauveria globulifera, a strain of Beauveria bassiana (Bals.) Vuill., from 
adults of Cyllene robiniae (Forst.) and a larva of Acanthocinus aedilis (L.) 
respectively. Duffy (1953) recorded the fungi Jsaria sp. on adults of Phryneta 
spinator (Fab.), and Entomophthora grylli on larvae of Saperda carcharias (L.). 
A wilt disease, suspected of being caused by a virus, was reported by Beeson 
(1931) in larvae of Celosterna scabrator (Fab.) reared in glass tubes. 

It seems unlikely that disease is common in the cerambycids, most of whose 
immature stages remain more or less isolated within the host plant throughout 
development. This is substantiated by the fact that during studies of immature 
cerambycids over the past seven years only one instance of infection by a disease 
organism has been encountered; namely, a recent isolation of Isaria farinosa 
(Dicks.) Fr. (Fungi Imperfecti) from two mummified, last stage larvae of 
Acmaeops proteus (Kby.). 

The larvae were obtained from rearings carried on at Laniel, Quebec. 
A. proteus, which feeds in the inner bark of dead conifers (Gardiner, 1954), 
completes development in two years, the last stage larva leaving the host to 
pupate in the soil. At Laniel, larvae from eggs laid in June, 1956, overwintered 
under the bark, extended their galleries during the summer of 1957, and dropped 
from the caged pine and hemlock logs in September and October of the same year. 
Ten larvae were recovered from vermiculite that had been in the bottom of the 
cages for a year, and were transferred individually to vials containing fresh vermi- 
culite. The larvae were moved to Sault Ste. Marie and stored at 40°F. for 
one week, then at 32°F. for 12 weeks, and for a further week at 40°F. After 
this schedule, they were brought up to room temperature, and the vermiculite 
was moistened. Three days later, two larvae were found to be dead, distended 
and mummified, and to exhibit fungal mycelium around their heads. No 
physical reason for their death was apparent. The remaining larvae pupated in 
a week to ten days. 

The dead larvae, which had been kept separate since dropping from the logs, 
were surface sterilized, following the procedure outlined by MacLeod (1954a), 
and cultured on Sabouraud maltose agar. A pure culture of /. farinosa was 
isolated from each. 

Although this fungus is occasionally found in insects that spend no part of 
their lives in the soil, e.g., the spruce budworm (MacLeod, 1954b), it is regarded 
as a soil organism, and therefore more apt to be isolated from insects that in- 
habit the soil during at least part of their existence. This would apply to a small 
number of cerambycid genera, among them Acmaeops, that pupate in the soil. 
Although the specimens in this case did not actually come in contact with soil, 
they were for some time in vermiculite that had been exposed outdoors for a 
year. During that time, considerable organic material sifted through the cages 
into the vermiculite, and it is probable that the fungus had become established as 
a saprophyte on this material, thus accounting for the infection of the A. proteus 
larvae. 


e tiation No. 467, Forest Biology Division, Science Service, Department of Agriculture, Ottawa, 
canada 
2Forest Insect Laboratory and Laboratory of Insect Pathology, Sault Ste. Marie, Ontario. 
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First Record of Perilitus coccinellae (Schrank) (Hymenoptera: 
Braconidae) as a Parasite of Coccinella novemnotata Hbst. and 
Coleomegilla maculata lengi Timb. (Coleoptera: 
Coccinellidae) in Canada’ 


By Marcer Hupon* 


Crop Insect Section, Science Service Laboratory, 
St. Jean, Que. 


In 1955 and 1956, while sampling corn stalks , for larvae of the European 
corn borer in experimental plots at St. Jean, the author noted 23 adults of 
Coleomegilla maculata lengi Timb. and two adults of Coccinella novemnotata 
Hbst. that were parasitized and attached to the upper surfaces of corn leaves. 
Each beetle was astride a freshly formed cocoon and was held by a network 
of silk; many were alive when found. The parasite cocoons and the hosts were 
placed in closed petri dishes for observation. The parasites that emerged were 
identified by Dr. W. R. M. Mason, Entomology Division, Ottawa, as Perilitus 
coccinellae (Schrank) (= Dinocampus terminatus (Nees). 

The species was first described by Schrank in 1802 (Muesebeck et al., 1951, 
p- 101) and its synonymy reviewed by Cushman (1922) and Muesebeck (1936, 
p. 12). Cushman (1913), Balduf (1926), Goidanich (1933) and many other 
authors mentioned by Jackson (1928) published observations on its life-history, 
habits and host associations. The distribution of this euphorine braconid, a 
parasite of numerous species of Coccinellidae, is cosmopolitan. Watanabe 
(1937, p. 130) reported it from Japan, Liu (1944) from China and records of it 
from New Zealand, Europe, North America, and Hawaii are mentioned by 
Balduf (1926). According to Balduf (1926), P. coccinellae attacks adult coc- 
cinellids only; he believed that it reproduced parthenogenetically, since the only 
male specimen on record at the time of his publication was one taken by Nees 
in 1834. Since then, two males have been reared in California (Muesebeck, 
1936, p. 13) and one in Victoria, B.C., Canada (in Canadian National Collection, 
Ottawa). Timberlake (1916) reported that parasitism is not invariably fatal 

1Contribution No. 3856, Entomology Division, Science Service, Department of Agriculture, Ottawa, 


Canada. 
2Associate Entomologist. 
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to the beetles, as some coccinellids fully recovered from the effects of parasitis 
for at least six weeks and a second generation of the parasite was rea 
from each of two beetles. According to Cushman (1913), the species hibernat 
as a larva within the host. Oglobin (1913), in an extensive study of this parasi 
in Russia, stated that it has four or five generations during one season an 
in captivity the adults lived about 20 days. Everly (1938), in his experiments 
corn field in Ohio, found that 0.5 per cent of C. maculata lengi observed wer 
parasitized and two P. coccinellae were reared. . 

Two living parasitized adults of Coleomegilla maculata lengi, the mos 
abundant predator of the European corn borer in the St. Jean experiment 
field in 1955 and 1956, were examined carefully to determine the point 
emergence of the parasite. The author corroborated the findings of Cushm: 
(1913) and Balduf (1926), namely that the parasite emerges through the do 
portion of the membrane between the fifth and sixth abdominal segment 
slightly to the right or left of the median line. The parasite adult always 
escaped from the pointed, or cephalic, end of the cocoon. Of seven ad 
reared during 1955 and 1956 none lived longer than two weeks. They wer 
kept in a small screen cage in the insectary and fed with diluted molasses spre; 
on bread placed in a petri dish. The interior of the cage was regularly sprayed 
with water to increase the humidity. When caged with adult coccinellids, ¢ 
parasites were very active at first, but all the beetles caged with them escape 
parasitism and lived for over a month. During these two seasons, parasitism 
by P. coccinellae of coccinellids observed in the experimental field was less t 
five per cent. 

This is apparently the first published record of this euphorine braconid 
a parasite of adult Coccinellidae in Canada. 
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